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Allied Prospects Brighter 


HE change from defensive to offensive warfare 

by the United Nations is effecting a profound 

change in the outlook of the peoples of the world 
and of Europeans in particular. Naturally, the outlook 
of those directly concerned in the struggle is shaped by 
the success or failure of the armed forces engaged. In 
Italy, for instance, the people are experiencing the 
terrors of invasion and of the bombing of their main 
industria! centres; those of Germany are takirg a 
licking which is acknowledged by Goebbels to be grim 
and hard, and the success of the Russian offensive is 
weighing heavily upon them. Reports from many 
sources confirm the demoralising effect of these reverses. 
But the most reliable indication that all is not well with 
the eremy countries is the effect these reverses have 
had on the neutral European countries. In the early 
days of the war Sweden, Spain and to :ome extent 
Switzerland, Portugal and ‘Turkey were afraid of the 
power of Germany, and, while it is doubtful whether 
that fear has been completely removed, there can be no 
doubt that it is substantially less, and even those 
countries that have not been particularly friendly in 
recent years are now much more appreciative of the 
need for friendly relations with Great Britain. 

By comparison, the peoples of the United Nations, 
whore strength continues to increase, can view the 
future with confidence, and other significant factors 
indicate that the prospects of complete success were 
never brighter. It is noteworthy, for instance, that in 
both the United States and Great Britain more attention 
is being given to the planning of industrial reconstruction 
to meet post-war conditions. Indeed, responsible authori- 
ties in America have expressed the view that there 
will be a trade boom after the war and that its duration 
will not be less than five years. In Great Britain attention 
is being directed to the possibilities of re-establishing and 
developing export trade. To this end a searching 
examination of the outlook for British industry, the 
maintenance of which will be dependent on the vitality 
of the export trade after the war, is significant, and is 
favourably commented upon, even by those who a year 
ago were concerned only with the energetic prosecution 
of the war. This does not mean that they are less 
energetic in the war effort, because it has always been 
realised that the first consideration of the whole field 
of national enterprise in re- 
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dislocaticn which industry has been called upon to 
undergo to make this possible. 

Even China, which has been longest at war and has 
suffered more than any other of the United Nations, has 
renewed confidence in the future, a confidence which is 
only possible when the conditions unmistakably indicate 
victory over the Japanese. She is planning a vast scheme 
for post-war industrialisation as the keystone of an 
ambitious social reconstruction scheme. This will pro- 
bably be modelled on that of the Soviet Union, which in 
this war has surprised the world, and certainly not least 
Germany, by the solidity of its social ard industrial 
structure. In a recent broadcast, Dr. T. V. Soong, 
Chinese Foreign Minister, emphasised that China’s hopes 
after the war are centred on internal reconstruction ; 
she is determined to build up her industries and has 
resolved that there shall be no gap between her mobilisa- 
ticn for war and her mobilisation for industrialisation. 
Her engincers will go abroad in large numbers to learn 
modern techniques, and on their return they will have 
highly-skilled foreign engineers and even executives to 
help them to start their new factories and plants. With 
increasing support in arms and aircraft from other 
members of the United Nations, Chira regards the 
outlook as distinctly promising. 

The position in the Soviet Union is steadily growing 
stronger, and the determination of her forces more grim. 
But there are strong indications that the confidence in 
her forces has not been misplaced ; recently they have 
converted defence, against a concentrated attack by the 
cream of the Nazi fighting strength, into attack, and 
have caused great consternation amongst the people of 
Germany by breaking through strong German defence 
positions. 

Further factors that increase our confidence in the 
ultimate result includes the important change effected 
in subduing the influence of the U-boat campaign on 
Allied shipping. The news that at least 90 U-beats have 
been destroyed since May—a conservative estimate—is 
not the least of the many indications that conditions are 
brighter than since the war commenced. 

These factors show that the position of the enemy is 
deteriorating and must add considerable weight to the 
Quebec talks, which are doubtless largely concerned with 
further pressure on the enemy to hasten victory. It is 
all to the good, however, that while the harnessing of 
our whole resources to the,war effort must continue 

to dominate all other considera- 














lation to both home and export tions, time is being given to 
trade must be the complete The fact that goods made of raw materials in thinking and planning for the 
defeat of the Axis forces. To short supply owing to war conditions are post-war reconstruction period. 
this upreme objective the advertised in ‘‘ Metallurgia”’ should not be It must be borne in mind that 
forces of the productive energy taken as an indication that they are necessarily in the post-war world the 
of the nation have been and are available for export. industrial structure of all 
being ipplied with expanding nations will be shattered 
intensity, notwithstanding the and disorganised ; many 








156 METALLURGIA 


communities will have nothing to sell and otherwise 
bereft of purchasing power. For a time there will be 
widespread economic paralysis throughout the whole 
field of international trade relations, and the fact that 
efforts are being made to reduce this time adds to the 
brightness of future prospects. 


The Significance of Tensile and other 
Mechanical Test Properties of Metals 


HE aim in designing a component should clearly 

I be to ensure that the properties of the material 

used are suitable for resisting the form of failure 
feared the most. Methods of testing, such as are called 
for in purchasing specifications, may be excellent in so 
far as they act as a check on the quality of the material, 
and enable the purchaser to determine that it is up to the 
recognised standard, but standard tests are deficient in 
giving information that is really useful in judging the 
relative merits of different materials for service. To a 
considerable extent the methods used can be regarded 
as a legacy that has reached us after being handed down 
through several generations, and we are loth to depart 
from them. In recent years, however, there has been a 
growing realisation that the information given by so 
many forms of test can be misleading. There is much 
that we have yet to learn on the subject, and the com- 
prehensive review by O’Neill,* under the above heading, 
is an interesting and useful contribution to a complex 
subject. It is a thorough and critical review of the 
literature on the subject, enhanced by the author's 
investigations, the scope of which is indicated by the 
conclusions of the author which follow. 

Critical consideration of the conventional quantities 
obtained from the tensile test reveals their limitations 
for design purposes, especially where notch-fatigue effects 
predominate, Against such notch-fatigue, the importance 
of high work-hardening capacity in a metal is emphasised, 
and its relation to tensile elongation behaviour outlined. 
It is suggested that even conventional tensile records 
may yield some rough measure of work-hardening 
capacity prior to cracking, by means of quantities which 
are called * plasticity ratio” and “ plasticity value.” 

Attention is drawn to certain refined methods of 
plotting tensile diagrams. A review of published results 
indicates a basic generalisation for plastic deformation. 
If a graph of true stress P against one of the several 
forms of true strain ¢ be obtained, then the basic deforma- 
tion diagram is in general the same for tension, com- 
pression, torsion, and indentation. It consists first of a 
curved portion extending up to the point of critical 
plasticity . Which corresponds with the onset of 
‘necking * in tension. The curve afterwards flattens 
out and continues upwards almost as a straight line. 
The complete diagram may be considered very approxi- 
mately as of the logarithmic form P = ke", and its 
gradient (or the value of m) will be high in materials 
with very high strain-hartening capacity, and low in 
those which have been cold-worked. 

Since work-hardening capacity has hitherto 
largely determined by ball-indentation tests, a correla- 
tion has been made between these and tensile tests. This 
has revealed some shortcomings of the Meyer x value for 
indentation. Heat-treatment and crystal grain size 
influence the plastic properties of a metal, and the effects 
of both have been studied. For specimens of various 


been 


HON lt Mech, Engs., June, 1943, 16 py Advance coy 





AvcustT, 194: 


crystal sizes there is similarity in form between ceri ain 
tensile and indentation diagrams. From these an ap),ro. 
priate ultimate true stress value may be obtained which 
is practically independent of crystal grain size and there. 
fore enables comparisons of materials to be made. 


Similarly, there is a fundamental limiting “ pressure of 


fluidity * for metals, which is independent of thei; 
initial content of cold-weik. Valucs for this pressure 
have been determined. The pressure of fluidity obtained 
by linear extrapolation of a Stead true-stress tensile 
diagram is lower than that determined by heavy cold. 
rolling experiments. 

The deformation and strain hardening which take 
place up to the point of “ critical plasticity” (i.e., 
“ necking ” in the tensile test) appear to differ in internal 
crystallographic mechanism from that developing beyond 
this point. It is found that several physical properties 
reach limiting values at the “ necking ”’ stress. 

Investigation shows that heat-treated steels with 
sorbitic microstructures may have a relatively low 
capacity for strain-hardening. Their employment under 
conditions of notch-fatigue is thercfore not attractive. 
On the other hand, their resistance to wear may be 
relatively good. Wear remains a complex problem, but 
examples are given where relatively gcod wear-resistance 
has corresponded with high “ plasticity values.” 


The Institute of Physics 
Tue Report of the Institute of Physics for 1942, which 
has just been issued, shows that special attention has 
been given by its Board to urgent questions concerning 
the training and supply of physicists needed for war 
purposes. The Board is able to record with gratification 
that its views not only coincided in almost every respect 
with those of the Government’s Technical Personnel 
Committee, but were being embodied in measures that 
were being taken. A good deal of attention has also 
been given to considerations concerning the best way of 
ensuring to intending physicists after the war an educa- 
tion that will enable them to make their fullest con- 
tribution to the service of the community. A report on 
this matter was prepared by a Sub-Committee under the 
chairmanship of Sir Lawrence Bragg, and its report 
has been approved and adopted by the Board of the 
Institute and has recently been published. 

The Report records a record increase in membership 
of the Institute. The normal activities of the Institute 
and its branches have continued with but little modifica- 
tion on account of war circumstances. Among the new 
activities recorded are the establishment of an 
Electronics Group of the Institute, and of the Joint 
Council of Professional Scientists, of which the Institute 
is one of the principal constituents. Exchange of 
information concerning physicists and their relation to 
the war effort has continued between the Institute and 
the American Institute of Physics. 

At the annual general meeting of the Institute of 
Physics, held on Thursday, July 22 last, the following 
were elected to take office on October 1, 1945 :— 
President, Sir Frank Smith ; vice-presidents, Mr. E. R. 
Davies, Dr. W. Makower and Mr. T. Smith ; honorary 
treasurer, Major C. E. 8S. Phillips ; honorary secretary, 
Prof. J. A. Crowther ; ordinary members of the B« ard, 
Prof. J. D. Cockeroft, Mr. D. C. Gall, Dr. H. Lowery, 
Mr. D. A. Oliver, Mr. A. J. Philpot, and Mr. BR. 5. 
Whipple. 
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and Prevention of Surface 


Corrosion of Aluminium Alloys 


By D. W. Rudorff, 


A.A.LE.E., M.Inst.F. 


Considerable work has been carried out to determine the effects of surface corrosion of 


aluminium alloys and on prevention measures. 
and wrought aluminium are discussed in relation to corrosion fatigue. 
carried out with alloys of Al-Mg type, and comparisons made with cast bronzes. 


The results of more recent work on cast 
Tests have been 


In the 


wrought form particular attention is directed to cladding material. 


ORROSION fatigue tests conducted under rotating 
bar conditions with sea-water as the corroding 
agent have shown that wrought aluminium alloys 

of the Al-Mg type are not superior to less corrosion- 
resistant compositions.'. In order to amplify previous 
experiences in this respect, and also to establish a basis 
on which cast Al-Mg alloys can be compared to cast 
bronzes, a number of comparative corrosion fatigue tests 
was recently conducted in the laboratories of two German 
manufacturers. These investigations are of particular 
interest insofar as they refer both to cast and wrought 
Al-Mg alloys of various compositions in heat-treated and 
untreated conditions. The compositions and salient 
physical data of the various alloys studied, including the 
bronzes, are set forth in Table 1. 

The test specimens were made of 9-5 mm. dia. rounds, 
finished off with a diamond tool in order to ensure 
optimum surface conditions. The tests were conducted 
oa rotating bar fatigue testing machine, most of the 
tests being made with a speed of 5,000 r.p.m. Only a 
lew test runs were carried out with an older type of 
machine operating at 3,000 r.p.m. The torsional fatigue 
tests conducted with the Al-Mg-3 alloy, included in 
lable 11, were carried out at 1,500 r.p.m. The corroding 
gent was a 3° NaCl solution with an addition of 0-1% 
H.0,; a few test runs were also made with distilled 
water. The wetting device used in the tests is shown in 
Fig. 1. Each of the two droppers delivered about 
15-20 drops per minute. 


Properties of the Cast Alloys 


The data given in Table II show that in agreement 
vith general experience, the chill-cast material possesses 
‘uperior properties as compared to the sand-cast material. 
Higher Mg percentages—at least within the range 
ivestigated—are reflected by higer endurance limits. 
Vi particular interest is the improvement in the proper- 
les of the G-Al-Mg-3 material obtained with the use of 
jure aluminium containing less than 0-01% Fe. (Test 
tins 2 and 4 versus 5 and 6.) The typical S log N curves 
‘tained with test runs 4 and 6 are reproduced in Fig. 2. 


Most of the test runs showed that a definite limiting 
‘we range of stress does not appear to exist. Although 
“me of the tests were extended to 100 million cycles, 
te stress-eycle curves were still so steep that the 

frosion fatigue characteristics of the various materials 


Zeitechr. Metallkunde, vel 
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are comparable only on the time basis, expressed by the 
number of stress cycles. For this reason the endurance 
limits given in Table II are based on 20 10® cycles 
for test runs with distilled water, and 20 10° and 
50 x 10° cycles for NaCl solution. Two cases based on 
100 « 10® cycles are also included. 





Fig. 1. 


Set-up for corrosion test. 


Referring to test runs 3 and 9 in Table I, it is seen 
that exposure to distilled water serves to decrease the 
endurance limit of G-Al-Mg-3 and G-Al-Mg-7, respec- 
tively, by approximately 14%. But in the heat-treated 
condition both the sand-cast and the chill-cast alloys 
show themselves more resistant. Thus, in the case of 
test 2 (heat-treated sand-cast alloy G-Al-Mg-3) the 
deterioration in endurance is reduced to 7°%, and a fall 
by only 2%, is recorded for the heat-treated chill-cast 
specimen (test 4). Although its fatigue strength under 
non-corrosive conditions is the lowest shown in Table IT, 
the sand-cast G-Al-Mg-3 alloy (test run 1) has maintained 
its full strength after 20 10° cycles with exposure to 
distilled water. This contrasts with the behaviour of 
the G-Al-Mg-7 alloy, the high fatigue strength under 
non-corrosive conditions of which was found to suffer a 
reduction by 8% when tested with dis‘illed water (test 
run 8). Of the bronzes, only Rg-10 in sand-cast condition 
was tested with distilled water ; it retained its original 
fatigue strength under non-corrosive conditions even 
after 100 million cycles. 


In the tests undertaken with the 3% NaCl + 0-1% 
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Fig. 2. (Left) Material G 
(Right) Same material with less than 0.1 °,, Fe, 
heat-treated. 


H,O, solution, most of the alloys tested suffered corrosion 
attack even below 1 million cycles. According to test 
run 7, ‘able II, even the most corrosion-resistant alloy, 
G-Al-Me-5, was found to have lost 30°, in strength after 
20 million cycles ; while G-Al-Mg-7 lost 39°, in sand- 
cast condition (test 8), and 47%, in chill-cast state 
(test 9). All other aluminium specimens tested showed 
strength decreases of 50°, and more, based on 20 million 
This applies also to the heat-treated 
specimens of the G-Al-Mg-3 alloy prepared with 
aluminium of the highest purity (tests 5 and 6), which is 
extremely corrosion resistant when tested under static 
tensile test. With regard to the bronzes, Table I] shows 
that after 20 million cycles the materials G-Bz-10 and 
G-Bz-14 fatigue strength values 
approximately 14°, below the corresponding values 


stress eveles, 


showed corrosion 


Al-Mg-3, chill cast, heat- treated. 
chill cast, 
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registered for non- 

corrosive conditions ; 
while a corresponding 
a decrease of only 5% is 
recorded for the Rg-10 
alloy. It is interesting 
to note that in sea-water 
tests conducted by P. 
Ludwik,' two forged 
bronzes, as well as an 
alpha brass, showed no 
decrease in fatigue 
strength after 1 million 
cycles. 
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Corrosion Fatigue 
Resistance of Wrought 
Aluminium Alloys 
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The data on wrought 
alloys (Table II) testify 
to the fact that in the 
= —80 absence of — corrosive 
oo eee ie conditions the fatigue 
strength of these materials 
lies considerably above 
that of the cast alloys. 
However, taken on the 
percentage basis, — the 
diminution of their 
fatigue strength under 
aa | eae the influence of Natl 


as 


solution is by no means 
smaller than that of the 
cast variety. With regard 








Al-M¢-3, 


Fig. 3.— Material extruded, 
heat-treated. (Tests 14aV and I4cV are 


| torsion fatigue tests.) 


to the fatigue strength based on 20 million cycles, the 
extruded and heat-treated Al-Mg-3 alloy (test 14) yields 
a higher value than the same chill-cast alloy in heat- 
treated state (test 4). This is not, however, surprising, 
since the wrought alloy possesses a higher initial fatigue 
strength under non-corrosive conditions. On the other 
hand, the Al-Mg-7 alloy, with higher Mg percentage, 
proved to be of identical strength in cast and extruded 
state (test run 15 versus test run 8). The heat-treated 
extruded Al-Cu-Mg alloy is seen to have lost 53°, of Its 
fatigue strength under non-corrosive conditions when 
tested with NaC! solution over 20 million cycles (test 16), 
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but even sO its fatigue _ TABLE Il. 
strength is still far te Abe. Se Meld Gobatton. 


superior to the strength 
values ascertained for 


20 million cycles 








In Pure Water. 





the other alloys. Run Materia!. Endurance | Endurance] En 

In Fig. 3 the torsional ~° whe bien el 
fatigue strength of the ~ os 
Al-Mg-3 alloy is seen to 
amount to only approxi- | CAST ALLOYS, 
mately 60% of the ! ‘a oe 8,800 8,800 
bending fatigue strength. 2 12,500 | 11,650 
This is in good agreement 
with observations made 12,800 | 10,940 
on other materials.® ‘ 12,800 | 12,5008 | 
Under corrosion con- 
ditions the torsional , 13,060 ‘ 
fatigue strength de- cast 
creases to 50% of the 6 @ aie 3 “| 14.620 
value found under non- gh ae 
corrosive conditions (test heat-treated 
14cV). In this connection ° © oun is a _— 
it should be noted that slau? | wee! same 
in. the torsional test (Sand cast 
the time required to 9 ‘a ue? | 12,92 | 1,220 
reach 20 million cycles, nell 
and with it the exposure 10 | Bronze RG 10 | 34,200 14,2003 
to corrosion, was about 11 pronseGnsle | 12,070 
three times that required =, a ey) ao.z90 
to apply 20 million (Sand cast) 
bending cycles. EXTRUDFD 

The fact that because 13) aL-Mg-Mn" 15,620 
of their corrosion-resist- 4 0 al Me 3 18,400 
ant nature most of the saat — — 


various aluminium alloys icv 
referred to are used under 


( Heat-treatec 


tors’n fatiguc 


at 1,500r,p.m 

conditions in which % AlMe7 | 15,620 . 
(Anneated) 

they are exposed to cor- 16 Al-Cu-Mg 25,560 


(Heat treated) 


rosion attack makes an 
. : . At 5,000 rp.m, 
improvement in their 

corrosion-fatigue characteristics mest desirable. With 
regard to duralumin, it is known that it can be protected 
against corrosion fatigue by anodising, followed by 
impregnation with a synthetic resinous oil or cellulose 
varnish. The German investigators therefore decided 
to carry out a series of experiments with anodised 
specimens of the aforementioned materials, anodising 
being effected by the Eloxal process. 

Some of the specimens were anodised in the normal 
way, while others were anodised by a secret special 
process developed by a German concern. This secret 
process is said to effect an especially thick and resistant 
film. Still another number of specimens were treated by 
the Siemens and Halske process. Three different types 
of laver were produced with the latter process, namely : 
(1) A layer of normal thickness, approximately 10-12 
microns thick ; (2) a specially thin layer of 3 microns 
thickness ; and (3) an abnormally thick layer of approx- 
imately 30 microns thickness. It should be noted that 
ho degreasing of the surfaces of the specimens was 
carricd out prior to the fatigue test proper. 

As the subjoined Table ITI shows, the fatigue strength 
of the various cast alloys remained unaffected by the 
anod'sing process. This applies to the Al-Mg-Mn and 


» Rajakevies, Wetallwirisch, vol. 19, 1940, p. 929, 


- Gerard and H, Sutten. J. /ast, Metals, 1935, p. 29. 
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Al-Mg-7 alloys, as well as to the heat-treated extruded 
Al-Cu-Mg alloy. The only exception in this respect is the 
heat-treated extruded G-Al-Mg-3 alloy. Referring to the 
corrosion test results included in Table III, it is seen that 
the corrosion fatigue strength of the anodised materials 
lies considerably above the strength values shown in 
Table Il. From the test curves 24a and 24c (Fig. 4), 
it can be deduced that the protective power of the 
anodised layer remains unimpaired over a very high 
number of cycles. But even so the investigators felt 
bound to admit that high-fatigue stresses under corrosion 
attack are not well carried by the anodised material. 
They ascribe this to the fact that large deflections under 
load lead to the destruction of the protective layer by 
the formation of fine surface notches. Observations 
made in the inspection of fractured pieces of cast 
specimens led the investigators to the belief that the 
fracture has its origin in a small porosity of the oxide 
layer. 

Notwithstanding the progress made, further research 
will be needed in order to effect further improvements ; 
and it is also considered necessary to conduct additional 
research into the effect of static corrosion upon corrosion 
fatigue. An investigation of cases in which static 
corrosion is combined with periodically recurring 
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fatigue stresses appears TABLE III.—CORROSION TEST OF ANODISED MATERIALS 
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Fig. 4. 


Material Al-Mg-Mn extruded. 


Fig. 


The Cladding of Al-Cu-Mg Alloys 


Pure aluminium, as well as copper-free aluminium 
alloys have been widely used as cladding material in the 
production of corrosion-resistant materials for aircraft 
construction. Lately, however, the use of pure aluminium 
as cladding material has been completely abandoned in 
Germany, standard specifications calling for the exclusive 


use of Al-Mg-Si alloy. Evaluation of the corrosion 
resistance of clad Al-Cu-Mg material was originally 
based on the criterion of strength-decrease and elonga- 


No consider- 
ation was paid to surface corrosion as such so long as 
it did not impair strength. This position has, however, 
become untenable in the face of the demand for aircraft 
materials, particularly for sheeting, which must retain 
full surface brightness without being furnished with any 
special surface protection, 


tion-decrease at fracture due to corrosion 


On the other hand, it had hitherto been customary 
to call only for age-hardening at room temperature. 
When precipitation heat-treatment was introduced for 
the sake of high strength values, full protection of the 
heat-treated material of strength of the 


against loss 





5. 


Diffusion characteristics according to Kostron. 


cladding material was also insisted upon. This demand 
has led to a considerable revision of prevailing ideas 
with regard to suitability of the various cladding 
materials. 

Investigations have shown that only cladding of 
pure aluminium can maintain the surface brightness 
demanded. With regard to the protection of precipi- 
tation-heat-treated sheets, it was found that precipl- 
tation-hardenable cladding materials, as, for instance, 
those of the Al-Mg-Si type, are useless in the heat- 
treated state, since they themselves are subject to inter- 
crystalline attack, and cannot therefore offer reliable 
protection of the base material. For this reason, 
precipitation-heat-treated sheets can only be protected 
by pure aluminium cladding or by materials not amen- 
able to precipitation hardening. 

However, certain deficiencies also exist in the case of 
pure aluminium cladding. First of all, its surface 
hardness is rather low, so that the surface can easily b 


damaged by scratching. Since numerical scratch 
» H. Rostron, “ Chadding of Al-Cu-Mg Alloys,”” Aerzosion u Mv 
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rARBLE IV.—RESULTS OF HARDNESS TESTS OF THREE CLADDING MATERIALS United Light Metal In- 

- it aii aha dustries, Hanover, and 

me alii ee aren consists in applying, 

Materia! Composition, | Hardness. | Hardness. | Width for | Relative | 10 microns, | Relative at an early stage, an 
“Micrcne,’ | Width. Width. Loadion initial” heat-treatment 
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ACs edt : i 1-0 1 effecting a refinement 
soft O75 Mh 29 1-45 0 O88 Ie of the distribution of 
si (P + ad : y 2g R 1d Les the Al,Cu constituent. 
Me This treatment can. also 


hardness data were not available, H. Kostron® conducted 
a number of such tests, the results of which are given 
in the subjoined Table IV, which also gives the respective 
Brinell values. Referring to this table, it is interesting 
to note that the Al-Mg-Si material exhibits an 85% 
higher Brinell hardness than the pure aluminium, while 
its scratch hardness is only 50°, higher, based on scratch 
loads producing equal scratch width. Moreover, if 
the relative scratch hardness is based on the scratch 
width produced by a given scratch load, the scratch 
hardness values of the Al-Mg-Si alloy lie only 18% 
above those of the pure aluminium sheet. With regard 
to the Al-Mn-alloy, it is seen that its scratch hardness 
lies between those of the two aforementioned materials. 

It is therefore quite safe to state that the Brinell 
hardpess cannot be used as a measure of scratch hard- 
ness; and it can further be concluded that differences 
in the surface hardness are not of decisive influence upon 
the scratch properties. Without doubt, the appearance 
of the surface will in any event depend more upon the 
way a sheet is handled than upon the scratch properties 
per se of the cladding material. 

A much more serious drawback, however, is the 
diffusion of copper from the Al-Cu-Mg base material 
into the cladding material during solution heat-treatment. 
This diffusion takes preferably its course along the grain 


boundaries. As soon as the diffusing copper.has reached 


the surface of the cladding in spots, local differences in 
the copper concentration lead to the setting up of 


potential differences which may become the cause of 


local corrosion. While in the case of a material age- 
hardened at room temperature, the grain boundaries are 
not attacked, precipitation heat-treatment leads to 


intererystalline attack along the grain boundaries. For 
pre-ipitation-heat-treated parent material, pure alumin- 
ium: cladding must, therefore, be considered equally 
un-titable as cladding of Al-Mg-Si material. A small 
Mr addition to pure aluminium has proven a good 
inh bitor of grain boundary diffusion. However, as 
we a protection they may be for precipitation heat- 
tre. ‘ed parent metal, Al-Mn claddings cannot be con- 
sid ved satisfactory for bright surface sheets. 


order to obtain a cladding material suitable for 
bri st sheets, it is necessary to find a way of stopping the 


di ion into the pure aluminium cladding. There are 
tw ways in which this can be accomplished. The first 
n id consists in shortening the time of solution heat- 
tre ment, so that the pure aluminium cladding is not 
su cted to the danger of grain boundary diffusion. 


Th method is embodied in a patent® issued to the 


be applied to ingots if a 
. sufficiently long time for 
treatment is arranged for. The length of the refinement: 
treatment must generally be so chosen that the material 
regains its full strength after precipitation heat-treat- 
ment. The results of a treatment of this type are charted 
in Fig. 5, which shows the penetration of grain boundary 
diffusion in percentage of cladding thickness for varying 
lengths of time of solution heat-treatment. As Fig. 5 
also shows, the refinement-treatment itself causes a 
certain diffusion. 

Thus, in the case investigated, the diffusion is seen 
to amount to nearly 50°, of the cladding thickness after 
2 hours of treatment. During subsequent rolling of the 
sheet, the thickness of the cladding and the depth of the 
diffusion zone will, however, be reduced in approximately 
the same proportion as the sheet thickness is reduced. 
Thus, on the percentage basis, the diffusion zone will 
not be materially altered by rolling. To this amount of 
diffusion must be added the diffusion occurring during 
solution heat-treatment, and it was found that after 
20 mins. of solution heat-treatment the diffusion had 
reached the surface of the cladding, and this irrespective 
of the length of the refinement-heat-treatment. 

By noting the test runs in which the material reached 
full strength after age-hardening at room temperature, 
and likewise noting the test runs in which this was not 
the case, a definite boundary line can be established as 
shown in Fig. 5. From the disposition of this line it is 
easily seen that with increasing length of refinement- 
heat-treatment the full-strength boundary line is shifted 
into regions of lower diffusion percentages. 

The second method available for reducing the danger 
of diffusion lies in the application of multiple cladding, 
in which the outer pure aluminium layer is separated 
from the parent metal of Al-Cu-Mg alloy by the inter- 
position of an Al-Mn inter-cladding.? Actual manu- 
facturing experiences are said to have shown that 
bonding of the layers is greatly improved by arranging 
a thin pure aluminium inter-cladding between the base 
metal and the Al-Mn sheet. Diffusion tests conducted 
on materials of this kind have shown that after 30 mins. 
of solution heat-treatment diffusion has stopped quite 
abruptly as soon as the Al-Mn layer is reached, the pure 
aluminium layer on top showing no traces of diffusion. 
Triple cladding is strongly recommended for the pro- 
duction of bright sheets, such as are required for the 
aero industries. The increase in production cost is said 
to be more than compensated for by the reduction in 
the number of spoiled sheets, as well as by the absence of 
local corrosion effects showing up so markedly in the 
completed aircraft. 








162 METALLURGIA 





Aveust, 1943 


Photo-Electric Cells for ‘Temperature 
Measurement and Control 


Photo-electric pyrometers using solid photocells are described by M. E. Fogle,* and compared 
with optical and total radiation pyrometers for measuring and controlling high temperatures 
in the metallurgical industries. The main features are given in this article. 


IQUID expansion, bimetallic, and resistance 

thermometers ; radiation and optical pyrometers ; 

and thermocouples are more commonly used for 
measuring temperature. Of these only the optical and 
total radiation pyrometérs can be used successfully at 
the higher temperatures encountered in the metal and 
ceramic industries. Photo-electric pyrometers are similar 
to both optical and total radiation pyrometers. All 
three measure the radiant flux of a body and all function 
best at relatively high temperatures where the intensity 
of radiant flux is appreciable. 

Total radiation pyrometers evaluate radiant flux 
equally for all wave-lengths, thermo-electric energy being 
produced in proportion to the radiant energy received. 
Optical pyrometers evaluate radiant energy in pro- 
portion to the spectral sensitivity of the human eye, 
‘intensity ” and ** spectral distribution of radiant flux ” 
being converted into * visual brightness ”* and * colour ” 
(hue). Photo-electrical pyrometers evaluate radiant flux 
in proportion to the spectral sensitivity of the photocell 
or photocells. Using a single solid photocell they convert 
radiant energy into photo-electric current in proportion 
to the cell's spectral sensitivity. Spectrally, photo- 
electric pyrometers function more like optical pyrometers 
as both utilise only visible or near visible energy ; 
electrically, they are more like total radiation pyrometers, 
as both generate electricity and can be used for auto- 
matic control, whereas optical pyrometers cannot, 

The advantages of using a solid type photocell for 
industrial pyrometers are ruggedness—spectral similarity 
of cells of one type, aiding replacement through inter- 
changeability of cells spectral stability, Pecessary for 
maintaining calibration—electrical stability, resulting in 
greater accuracy—a relatively long life and freedom from 
outside circuit fluctuations due to the solid cell being 
self-generative 

One of the chief advantages of the solid cell pyrometer 
is its high sensitivity. The possibility of using photo- 
electric pyrometers for control is an advantage not 
possessed by optical pyrometers. The photo-electric 
cell has ri pid response to changes in temperature, the 
action being limited by the speed of the recorder or 
indicator as the cell response is almost instantaneous. 
This characteristic is made use of in continuous strip 
mills and other control processes where the material is in 
rapid motion and the temperature to be measured may 
be varying rapidly. 

Like other measuring devices, solid-cell pyrometers 
have certain limitations. One limitation is that they are 
restricted in use to temperatures above 1,760° or 1,800° F. 
(927° or 982°C.) because cell sensitivity is limited to 


visible or near visible radiations which are not abundant 
at lower temperatures. 

A second disadvantage is that, since relatively high 
temperatures are measured, it is necessary to take steps 
to prevent the cell from overheating. A maximum cell 
temperature of 50° to 60° C. is advisable for long life. 
A water jacket or air blast is required to keep the ambient 
temperature down ; and heat-absorbing glass filters may 
be needed to prevent overheating by radiant energy. 
Radiant heat filters are usually more necessary at the 
lower temperatures encountered because the relative 
amount of current-producing radiations is less than at 
higher temperatures, and more total radiant flux 
(obtained by using a larger acceptance angle) may be 
required for satisfactory instrument operation. 

The high sensitivity of the photo-electric pyrometer: 
although an advantage, creates a condition that at times 
may be a disadvantage. That is, the expanded scale 
limits a single range-indicating instrument to a total 
change of 300° or 400° F. (166° C. or 222° C.). It is also 
necessary that the lenses, filters, and cell windows be 
kept clean. 

Cell fatigue, or initial falling off of cell current in the 
first few minutes after exposure, may cause a decrease 
of 2° to 5° F. (1° to 3° C.) for type of cell. This may 
necessitate a delay of 10 or 15 mins. at the start in order 
to eliminate that variable. Another type of cell has 
very little fatigue and is therefore less subject to short- 
period changes. However, over long periods of time 
(months and years) the former type of cell is considered 
more durable and less subject to change in absolute 
sensitivity. 

Some Applications _ 

Photo-electric pyrometers have so far been used chiefly 
in the steel industry, where a great deal of work has been 
done in adapting them to various requirements. They 
have been used for measuring temperature in the com- 
bustion chamber, metal bath, and regererator zones of 
open-hearth furnaces. Rolling and welding tempera- 
tures have been measured, and open-hearth roof and 
continuous strip-mill temperatures have been recorded. 
There are undoubtedly many applications in the non- 
ferrous alloy and ceramic industries that will be able to 
use photo-electric pyrometers to advantage. 

Because the output of the cells in the pyrometers is 
at best only a few microamperes, it is necessary to use 
sensitive indicating instruments, recorders, and control 
relays with them. At temperatures below 2,200 F. 
(1,204° C.) and even for higher temperatures where 4 
well-restricted angle of acceptance is used, it is necessity 
to amplify the cell current. 
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Corrosion by Sea-Water: A Review of 
Recent British and American 


Investigations 
By J. W. Donaldson, D.Sc. 


Much work has been carried out on the behaviour of metals and alloys in contact with sea- 
water. Data has accumulated either from particular cases occurring under service con- 
ditions, or from systematic investigations and tests carried out on particular metals and 
alloys, or on groups of alloys. Results of investigations have not only added to knowledge 
of the troubles and failures caused by the action of sea-water on metallic structures, 
but ‘have also yielded data which have proved of value in the maintenance of such 


structures. 


NE of the many probiems with which constructors, 
designers and engineers have to contend with is 
the behaviour of metals and alloys in contact 

with sea-water. The approach to solving such a problem 
is by the accumulation of data obtained either from 
particular cases o-curring under service conditions, or 
from systematic investigations and tests carried out 
on particular metals and alloys or on groups of alloys. 
With both these means of obtaining data much work 
has been carried out during the last twenty years, and 
in an article in METALLURGIA some eight years ago the 
author reviewed the progress which had been made to 
that date. Since then further developments have taken 
place, and the last few years have seen the publication 
of a number of reports and papers, both in this country 
and in the United States, dealing with work in progress 
and with investigations carried out. 

In Britain a systematic research into the causes of 
corrosion in iron and steel was instituted in 1928 with 
the appointment of a Corrosion Research Committee by 
the Iron and Steel Institute and the National Federation 
of Iron and Steel Manufacturers. Although this Com- 
mittee has dealt with corrosion in general, a considerable 
part of the work carried out has been related to marine 
corrosion. Another Committee appointed by the 
Institution of Civil Engineers in 1916 has also been 
engaged on the systematic investigation of marine cor- 
The work of this Committee has dealt with the 
deterioration of structures of timber, metal and concrete 
when exposed to the action of sea-water. 

Systematic investigations on corrosion have also been 
carried out for many years in the United States. Standing 
Committees set up by the American Society for Testing 


rosior 


Materials have dealt with corrosion tests on metals on a 
large scale, and much of the work done has been of 
interest and value to those engaged in the fabrication 
of metals which have to be in contact with sea-water. 
One ( mmittee of this Society has dealt with the corrosion 
of iron and steel, and another with the corrosion of non- 
lerrous alloys. More recently corrosion tests have been 
inaugi rated by the United States Engineer’s Offices to 
deter) ine the most suitable metallic and non-metallic 
mater ils for use under severe sea-water conditions in 
dam construction. 


In addition to those large-scale systematic tests 
Severe investigations have been carried out during 


The work done during recent years and the results achieved are reviewed. 


recent years by individual workers on corrosion and 
corrosion problems, with particular reference to marine 
corrosion. Some of these researches have dealt with the 
nature of corrosion, others with the effect of corrosion 
on individual metals and alloys, or on series of alloys, 
and others again with the protection of metal surfaces 
by paint and other methods in order to prevent or retard 
corrosion. From all these investigations, whether carried 
out in the laboratory on a small scale by individual 
workers or in the field on a large scale by team-work, 
results have been obtained which have not only added to 
the knowledge of the troubles and failures caused by 
the action of sea-water on metallic structures, but have 
also yielded data which has proved of value in the 
maintenance of such structures. 


Iron and Steel Committee’s Tests 

Since its institution in 1928 the Corrosion Committee 
of the Iron and Steel Institute have issued five reports." 
As regards marine corrosion, the earlier work of the 
Committee consisted in collecting and examining 
information regarding the use of wrought iron in ship 
construction, the occurrence of corrosion in different 
ships, the influence of mill scale on corrosion, the corro- 
sion of rivets and the procedure adopted in painting ships, 
as carried out by the principal shipbuilding firms. From 
the information obtained researches and tests were 
initiated with a view to elucidating some of the points 
raised, and from these investigations certain conclusions 
have been recorded. A summary of these conclusions 
are given in the fifth report of the Committee, published 
in 1938. Tests reported and in progress were also dealt 
with at the same time in a review by Hatfield? on the 
work of the Corrosion Committee. 

The conclusions arrived at show that since most iron 
and steelwork for marine purposes is used in the protected 
condition, the most important aspect of the corrosion 
problem is that relating to methods of protection. In 
the case of structures that are immersed in sea-water, 
whether in the protected or unprotected condition, it is 
very important to remove rolling or mill scale before 
exposure, Otherwise its presence on unprotected steel 
jeads to severe pitting and on protected steel to severe 
1 Reports of the Research C 
I ireh Council, Tren and steel Ins 


13 and 21, 1931 to 1938, 
, W. H. Hattield Iron and Steel Institute Speci 


mmittee of the Ircn and stcel Institute and 
titute, Special Reporte, Nes, 1, 5, 8, 
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local corrosion. To obtain the best results it is therefore 
necessary to submit steel for shipbuilding or other marine 
uses to prolonged weathering to remove completely the 
mill scale, which owing to steelworks practice appears 
to be more adherent than formerly. Mill scale may also 
be removed by pickling or sandblasting, if the cost is 
not prohibitive, otherwise, if time 
weathering, descaling should be carried out as efficiently 


does 


as possible by scratch-brushing. 

As regards the influence of welding, 
states that tests on electrically welded plates of both 
ordinary mild steel and high-tensile steel exposed to sea 
air, half-tice 
shown that there is little danger to corrosion provided 
that the welding is properly carried out. This conclusion 
also applies to welded plates when completely immersed 
in contact with brass. It is also stated that abnormal 
cases of corrosion have been found to result from local 
damage to paint and from electrical leakage from ship 


the report also 


ind complete immersion conditions, have 


to water 

During the past two or three years the Marine Sub- 
Committee of the Corrosion Committee have been 
engaged on a fundamental research on the prevention 
efficient and economic cures for 
fouling. An intensive study has, 


rates and mechanism 


of fouling, and to the 
both 
therefore, been made of the forms, 
of fouling, together, with extensive 
directed towards the establishment of improved formu- 
lations both for anti-corrosive and anti-fouling ships’ 
compositions In a first report by this Sub- 
just issued, the two main aspects of the 
to date, raft and anti-fouling 
investigations are dealt with. 

In the section of the report dealing with the raft tests, 
details are the 
surface preparation, painting, exposure, inspection and 
carried out 


investigations 


bottom 
Committee, 


work carried out tests 


} 
viven with revara to specimens used, 


final examination. ‘Two series of tests were 
at Plymouth and Caernarvon on samples of proprietary 
paint schemes supplied by 28 different manufacturers. 


Tests were also made to eclue‘date the effect of various 


methods of surface preparation, to test out new types of 


protective paints, and to test a number of compositions 
formulated by the Paint Research Station. 
The results of the tests with proprietary 
showed certain definite results which bad to be considered 
with the limitations that the paint films applied to the 
test specimens were much thinner than those used on 
actual ships, and that raft tests did not reproduce service 
\ecepting these yn ssible limitations, the 
section of the work are sum- 
marised as The ratt tests 
re producible, and there is good agreement between the 
Pilymoutl] (b) Compositions 
generally have 
than when applied to freshly 
former case failure occurs more frequently as a 
of fouling, but in the latter as a result of 
(c) The performance of relatively indifferent Compesitions 
improves, as a paint film is built up om the steel by 
repainting \ should therefore be made 
between compositions applicd in the carly stages of a 


paints 


conditions 
main conclusion from the 
are 


follows (a) results of 


and Craerparvon. series. 
a longer life when applied over old paint 
pickled steel: in the 
result 


COTTOSION., 


distinction 


ships history and those for maintenance after a vessel 
(d) The 
behaviour of an anti-fouling composition is indissolubly 
connected with that of the protective paint beneath it, 


has been in service for a number of vears. 


pe rmit of 
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and can only be fully satisfactory when the latt 

prevents any rusting of the ship. It follows that con 

parative tests of anti-fouling compositions as such shou | 
be conducted over a protective system satisfying ths 
condition. (¢) To prevent gross fouling under the stat 

experimental conditions in home waters for six mont \s 
in summer, considerable concentrations of toxins ; 
required in the anti-fouling composition. These may 
roughly assessed as 15°, by weight of mercury, or 30 
by weight of copper, or an equivalent combination o 
hoth. (f/f) Marked pitting may occur at unpainted areas 
(holidays) left in an otherwise sound coat of composition. 
Red lead in linseed oil has the most pronounced pitting 
effect of any primer investigated. (g) It is desirable to 
pay more attention to the formulation of ship’s bottom 
compositions with a view to obtaining the optimum 
consistency for application, paying due regard to prac- 
tical working conditions. (hk) Geod agreement as regards 
the protective properties of the various painting schemes 
was observed between the results of accelerated labora- 
tory tests conducted in a rotor apparatus and those of the 
raft 

In the surface condition tests, data are given for losses 
in weight and in the case of as-rolled plates for the 
percentage descaling of the steel as the result of exposure 
after weathering, pickling, ete., coupled in some cases 
with temporary protective treatments applied during the 
weathering process. These show that for the general 
run of ships’ plates at least six months, and probably 
much longer, would be required to remove the mill scale 
entirely by weathering, and that the weathering process . 
is accompanied by the formation of substantial quantities 
of rust which cannot be removed completely from the 
surface by hand-cleaning. All the temporary protective 
treatments tested with the exception of mineral oil were 
effective in eliminating rusting almost completely during 
the weathering period. 

In the case of a moderately good painting scheme, 
better results were obtained both on as-rolled and on 
pickled surfaces, which had been weathered for 105 days, 
than on a freshly pickled surface, possibly because the 
presence of rust improved the adhesion of the paint. 
This, however, might not be a general result, because 
with a better painting scheme which shows little deteriora 
tion to date the reverse is the case, the freshly pickled 
specimens being the best of the batch. Examinations of 
specimens removed after 24 hours’ immersion showcd that 
in all cases where the final scheme had been applied over 
surfaces from which mill scale had been incompletely 
removed by weathering, pitting had occurred at the 
boundaries of the remaining mill scale up to a depth of 
0-034 in. Pickled surfaces suffered a different type of 
attack, which was localised to a shallow depth Gver com- 
paratively large cellular areas, corresponding with places 
where the paint had flaked off. 

In the anti-fouling investigations the biological 
aspects of fouling are first considered with 1c ference to 
fouling organisms and the various stages of fouling. The 
use of anti-fouling compositions are then discussed with 
reference to organic and inorganic poisons, the pa nt 
medium and the effect of the protective undercoat. 
With reference to the last factor, the best anti-fouling 
system requires a perfect anti-corrosive undcrcoe! ing 
coupled with a completely compatible anti-foul ng 
coating which is durable but presents a continuo! ly 
toxic surface, preferably with the minimum possible toss 
of toxic material into the surrounding sea-water. ~ fie 


—<C .- 


tests. 














1943 


AvuauwsT, 


fouling of ships is also dealt with by the examination of 
upwards of 60 samples taken from various vessels. 


Sea Action Committee 

The corrosion committee known as the Sea Action 
Committee of the Institution of Civil Engineers, 
instituted in 1916, published its first report in 1920, and 
since then 174 others have followed at intervals, the last, 
the 18th report, being issued in 1941. In the 15th report, 
which was issued in 1936, a review was made of the whole 
of the investigations dealing with the preservation of 
timber, the corrosion of iron and steel, and the protection 
of iron and steel by means of paint and other preserva- 
tives, and by reinforced concrete. In the 18th report 
the data obtained from the iron and steel corrosion tests 
is correlated, but no reference is made to the tests on 
timber and concrete, which were dealt with at length 
in the comprehensive 15th report. 

The ferrous metals on which the tests were carried 
out for 15 years are given in Table I. Those metals in 
the form of flat bars, supported vertically in concrete 
frames, were exposed to corrosion at the level of high 
water (aerial), between the levels of high and low water 
(half-tide), and below the level of low water (complete 
immersion), at four stations, Auckland, New Zealand : 
Colombo ; Halifax, Nova Scotia; and Plymouth. At 
Plymouth both straight and bent bars were also exposed 
to fresh-water conditions. Reports on the conditions of 
the specimens, when they had been exposed for five 
and ten years, respectively, are contained in interim 
reports, and are summarised in the comprehensive 
15th report, published in 1936. Test specimens from two 
mild steels were exposed with adherent scale and 
ground free from scale. 

The results from the different observing stations are 
discussed in the report under four separate heads :- 
(1) Typical Sea-Air Corrosion. From this group the 
aerial tests at Colombo are excluded, as the conditions 
at this station, due to spray, humidity and rainfall, 
closely approximated to those obtained at half-tide level 
at the other stations. (2) Complete immersion in sea- 
water—at Plymouth only. (3) Exposure alternately to 
sea air and to wetting by sea-water and spray. The 
tests at Colombo are included: in this group. 
(4) Exposure to continuous wetting by sea-water. 
The completely immersed tests at all four stations are 
included, as well as the half-tide bars at Colombo. 

With aerial corroson clean and mild steel in general 
lost less in weight than the same steel exposed with scale, 

| cleaned specimens were on the average less deeply 
}*ted than the others. Summarising the effect of sulphur 

{ phosphorus in steel on corrosion in sea air, it is 
encluded that the resistance of carbon steels to 

ial corrosion is favoured by reducing the sulphur and 
) osphorus is favoured by reducing the sulphur and 
) osphorus contents. The condition of copper to steel 
1) overy test enhanced very markedly the resistance of 
t steel to corrosion by Even more 

‘essful than the addition of copper was that of 3-75% 
‘ \ickel. In every test this steel lost less weight than the 
| containing 2-185°%, of copper, particularly after 
ears’ exposure. Nickel-steel’s superiority over mild 
| rapidly increased with the period of the exposure, 
the average depth of pitting was one-third that of 
i steel. 13-5°, chromium steel and 36°, nickel steel 
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resisted aerial corrosion remarkably well, their losses in 
weight being very small. Even after 15 vears test speci- 
mens presented an almost perfect appearance, pitting 
being negligible. 

The complete immersion tests in fresh water showed 
the clean test specimens to loose more than the corre- 
sponding uncleaned specimens during the first five years, 
probably due to the protective action of the scale on the 
latter. After 15 years, however, the scale had partly 
disappeared, and both groups of tests were beginning 
to behave alike.. Direct comparison of the behaviour of 
the wrought iron and mild steel was only found possible 
with cleaned test bars, and were found to behave very 
much alike in two different Fluctuation in the 
sulphur and phosphorus contents of steel exposed to 
fresh-water corrosion did not affect the rate of corrosion 
to the same extent as in the aerial tests, but the addition 
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of copper and nickel to steel improved the resistance to 
corrosion in fresh water, as in the case of the aerial tests. 
The high-chromium and the high-nickel steels resisted 
fresh-water immersion remarkably well, and there was 
little to choose between the two steels. In exposure to 
half-tide conditions Swedish iron was superior to ingot 
iron, and all 12 test bars of Low Moor iron were markedly 
superior to both. Low Moor iron, on the average, supplied 
only about 80°, of the corrosion experienced by the 
mild steels. The influence of the scale in this series of 
tests, as well as the effect of sulphur and phosphorus 
and of alloy additions on corrosion, follow in general the 
trends noted in the aerial corrosion tests. The addition 
of copper proved beneficial in every test at Halifax and 
Auckland, and in some of the Colombo tests, but at 
Plymouth the effect was negligible, while the 13-5%, 
chromium steel suffered such severe loss at all the 
stations as to render it 

In the complete-immersion tests the variations in 
losses in weight experienced by the different metals were 
of the same order as in the alternate wet and dry tests 
and appreciably less than in the sea-air tests. In every 
case the best results were obtained with the high-nickel 
a large gap separating it from the 3-75°%, nickel steel. 
The mild steel with low sulphur and phosphorus was, 
on the whole, the worst of the cleaned metals, and Low 
Moor iron the best: while medium carbon steel was 
usually the worst of the steels exposed with scale. In 
contrast to the aerial tests, the mild steel, with scale, 
high in sulphur and phosphorus, was usually one of the 
best carbon steels exposed with scale, while the mild 
steel with scale containing least sulphur and phosphorus 
The addition of 0°63°, of 
copper proved slightly beneficial in increasing the 
resistance to corrosion, but increasing the amount of 
copper to 2-185°, not merely failed to improve the 
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proved one of the worst. 
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result, but produced a steel generally inferior to that gauge black sheet steel and wrought iron specime: 
with the lower copper content. The 13-5°%, chromium immersed at Portsmouth, New Hampshire; and Ke, 
steel behaved as in the half-tide tests. West, Florida, in 1927. The steels tested were bot 
The results of the test on cast iron showed that for open-hearth and Bessemer steels, and contained varyin 
aerial work cast irons appeared to be remarkably resis- percentages of copper from 0-015 to 0-522. The plat: 
tant to corrosion, and could be recommerded for this of open-hearth iron and wrought iron immersed al.~ 
purpose. Cast irons also appeared to be highly satis- contained copper. All the specimens were tested iv 
factory for conditions involving intermittent exposure failure, the criterion of failure being complete penetration 
to air and sea-water, but under conditions of complete of the specimen, or an indentation of the edge of at least 
immersion cast irons were generally much inferior to} in. by corrosion. The various specimens were subjected 
wrought iron and mild steel. Except in the cases of to a monthly examination and re-immersed, except 
aerial atteck cast irons suffered from the disadvantage where failure had occurred. 
that even careful mechanical scraping might give no The general conclusions reached by the Sub-Committee 
indication of the extent to which corrosion had penetrated, were that the spread of time of failure is great and the 
and therefore might be very misleading. In all cases of difference between different kinds of steel and wrought 
corrosion there is always the danger that cast iron may iron when exposed to sea-water without the benefit of 
be weakened by blow-holes or other internal irregularities, some protective coating is small. At Portsmouth, N.H., 
which cannot be detected by even a careful surface where sheets of both gauges were exposed, the three 


examination, types of steel, high-phosphorus steel, open-hearth irons, 
The Sea Action Com 
mittee’s report concludes \ il. OMPARISON OF RESULTS UNDER DIFFERENT TYPES OF EXPOSURE, (SEA ACTION 


. COMMITTER'’S CORROSLON TESTS). 
with a section in which 
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organising research work 

on corrosion on a large scale for some considerable time. and basic open-hearth steel, in the order given, were 
Investigations have been carried out by a number of consistent in their behaviour in both gauges. Considering 
sub-committees of each of these two standing committees, | the number of samples of wrought iron tested, the wrought 
each sub-committee dealing with a particular aspect of iron had a lower life than the high-phosphorus steels. In 
corrosion. As regards marine corrosion, Sub-Committee V— the 16-in. gauge open-hearth iron the basic open-hearth 
of Committee A-5, has carried out total immersion tests steel and wrought iron had their life apparently appre- 
on a large number of irons and steels in the form of — ciably increased by the presence of copper, but the same 
sheets, riveted plates and tubes, and in 1940 presented was not true in the case of the 22-in. gauge materials. 

its final report on the sheets tests ; Sub-Committee VIII, Other elements produced little if any difference. 
on galvanic and electrolytic corrosion, of Committee B-3, At Key West, Florida, where both gauges were also 
has also carried out a large number of tests on various — tested, the three types of material, high-phosphorus steel, 
non-ferrous metals and alloys in different atmospheres, open-hearth iron, and basic open-hearth steel, were still 
the results of which were submitted in a report in 1939. consistent in their behaviour in both gauges, but at 
Some of these k tter tests were carried out in sea-water this station the order was different from that at Ports 
atmospheres mouth, the open-hearth iron behaving best, followed b) 
Sub-Committee V° report deals with 22-in, and 16-in, | the basic open-hearth steel, and the the high-phosphorus 
steel. The wrought iron had about the same life as at 
ube ee V of Cor A-3, American Seelety Portsmouth. The presence of copper favourably affected 
sails the open-hearth iron, basic open-hearth steel, and th 
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wrought iron, and had little if any effect on the high- 
phosphorus steel in 16-in. gauge. In 22-in. gauge the 
effects of copper were less significant. 

With the exception of the high-phosphorus steel the 
addition of copper increased the life of all the materials 
under test at both stations, and the open-hearth iron 
lasted longer than the basic open-hearth steel in both 
the high- and low-copper groups. Some of the results 
obtained with both gauges at both stations showing the 
average life of the test specimens in days are given in 
Table IIL. 

A final report on the behaviour of the high- and low- 
seamless tube steel specimens which were exposed from 
1927 to 1939 at Portsmouth, N.H., and at Key West, 


Florida, and which have been completed is in prepara- 


tion. A final report has still to be made on the plates of 


low-copper steel, high-copper steel, and mild steel 
riveted with low-copper steel, high-copper steel, and 
low-copper puddled iron rivets immersed at the same 
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ABLE UL--FINAL RECORD OF FAILURES IN OTAL IMMERSION 
rESTING MATERIALS, 
Compcsiti 
Material Cau ition - 
( Si Mn. 
Open-hearth stec! 22 in Portsmouth, -142 O-217 545 
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Wr ht iron ” 9 0-030 D> +t (+0158 
o-ord 146 O-o34 
Op hearth steel 22 in Key West, o-118 22 O-522 
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0 irth stee! 16 in, Key West, o-lle Prace 0 
’ Florida O75 0- 
( rth iron : O-O1d “O05 0 
0-009 i 
r steel 0-030 O-003 rT) 
O-O78 o-340 
W ron o-o30 o-210 o-oge 
en o-lo9 -aoe 


two stations in 1927, as an examination in 1935 showed 


that the tests had not progressed far enough to yield 
conclusions as to their relative merits. Tests, started in 
1950, on plates and rivets built into three oil tankers 
have also to be reported on. 

1939 the Sub-Committee VIII of the Non-Ferrous 
Corrosion Committee B-3° reported the results obtained 


on « series of tests started in 1931 to determine the 
corosion resistance of non-ferrous metals when exposed 
in ouple combination with other metals to typical 
ati ospheres. At four out of the nine test locations, the 
tes’ specimens were exposed to sea-water atmospheres, 
be placed in each case near the high-water line. The 
me* ils tested were aluminium, copper, iron, lead, nickel, 
tin nd zine, couples being formed of the various combin- 
ati 1s of these metals. Two dises of each metal were also 
cou led together and tested as blanks in order to deter- 
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mine the normal corrosion of the metals when assembled 
in the form of test couples. 

The weight losses in per cent. of the original weight 
after seven years’ exposure at the four stations with 
marine atmospheres are given in Table IV, and show 
that in many cases electrolytic action is negligible. 
Aluminium in contact with copper, tin, nickel or lead ; 
iron in contact with all other metals; tin in contact 
with copper and iron, and zine in contact with aluminium, 
copper, iron, lead, nickel or tin, all show a varying 
amount of action however. 

This sub-committee on galvanic corrosion are now 
proceeding with tests on stainless steel, 18/8, when 
coupled with aluminium, copper, mild steel, lead, zine, 
Monel metal and bronze and exposed at five stations 
with different atmospheres, some of which are marine. 
A study of the galvanic corrosion of certain metals and 
alloys when completely immersed in sea-water is also to 
be proceeded with. The couples to be tested include 
all combinations of copper, 











a ee lead, brass, tin, bronze, 
Monel metal, copper, nickel 
n. mee and 18/8 steel plus all 
“ P. Cu n Day combinations of copper, lead, 
aluminium, iron, _ nickel, 
~ 8 he 2B — tin and zine without dupli- 
u23 | one | 0-018 si] cating the copper-lead 
a | acaue | Goes — couples in the second series. 
=) eS | eS ——s Some preliminary tests on 
022 | o-1E | 0-297 2 typical coupies have already 
a | oan ane as been carried out. 
vos | o-nd4 | 0-275 = The corrosion tests carried 
oso | 0-008 | 0-399 1459 out by the United States 
a) oo | oo + Engineer’s Office at East- 
ot 0 sae oan ous port, Me., to determine the 
most suitable metallic and 
oa | came | Game non-metallic materials for 
v23 fre sae mid use under severe sea-water 
ofl | o-ox7 | 0-01: “704 service in the construction 
me eae | hess | SE soof the Passmaquoddy dam 
O18 | 0-124 1-334 18 have = been described by 
029 | 0-008 2,166 Jeffries? in a brief sum- 
see | 0-008 ; mary. Started in 1936, tests 
| som 4 were made under aerial, half- 
a - a > aa 4 tide and complete immer- 
O19 | O-1tl 0-307 Re sion conditions of some 700 


test specimens, including 
cast, wrought and welded 


plain and alloy cast irons ; 
brass ; 


steels; alloy and corrosion-resisting steels ; 


bronze ; aluminium: silicon and manganese bronzes ; 
nickel-copper alloys; copper; zine and some non- 
metallic materials. Specimens of ferrous and non- 


ferrous alloys coupled together were also exposed to 
half-tide and complete immersion conditions. 

Although the tests are not completed, the intention 
being to carry them on to the end of a 10-year period, 
quantitative tests have so far shown that the ferrous 
alloys, with the exception of chromium-nickel steel, 
have lost more than twice by weight than the non- 
ferrous alloys have lost. The greatest loss with ferrous 
alloys occurs under half-tide conditions, and with non- 
ferrous alloys when completely immersed. Stainless 
steel shows the least corrosion at half-tide, and 
followed by alloy iron. Under similat conditions mild 
steel shows the With the coupled 
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most corrosion. 
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specimens completely immersed, the greatest loss 
occurred between cast iron and brass. Steel ard brass 
and alloy iron and a nickel-copper alloy showed slightly 
less loss, and steel and iron or steel and alloy or cast 
steel in contact corroded still less ; 


Protecting Metal Surfaces 

The report® of the Marine Sub-Committee of the 
Corrosion Committee of the Lron and Steel Institute has 
dealt with the tests which have recently been made with 
regard to anti-fouling compositions and paints. Investi- 
gations on the protection of iron and steel have also been 
made by the Sea Action Committee of the Institution 
of Civil Engipveers, and these were summarised in the 
third section of the 15th report issued by that Com- 
mittee in 1936. In this summary it is stated that mild- 
steel plates, some pickled, some with mill scale removed 
by prolonged immersion in sea-water, and some with 
the scale still edherent were painted with various paints, 
galvanised or coated with coal-tar or bitumastic solutions. 
The results from these plates, eXpore d to aerial, half-tide 
and complete immersion conditions at two stations, 
showed that the removal of mill scale. either by pickling 
or sand-blasting, is desirable. Red-lead paints, mixed 
lead paints consisting ¢ f red and white lead paints were 
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generally found to afford better protection than wa 
obtained with red-oxide paints under aerial and halt 
tide conditions. Under conditions of complete immersioi 
better protection was obtained with red oxide or wit 
lead chromate, either applied alone or followed by 
coating of mixed lead paints. Galvanising also gave goo. 
results, and better protection was obtained with coal-t: 
than with red-oxide or lead paints. Bitumastic paint: 
which gave good results under half-tide and complet: 
immersion conditions, were poor under aerial tests. 
Work on the protection by paint of stetl and of ligh 
alloys used in aircraft have also been made by Mardles,* 
who exposed specimens of mild steel, cadmium-coated 
steel plates and tubes, copper and aluminium coated 
with oil enamels, cellulose finishes, proprietary anti- 
fouling paints and primary paints to the ebb and flow 
of the tide at home and abroad. In general, while good 


results were obtained with well-formulated paints of 


good film durability, and with light-coloured films 
containing zine oxide and other zine compounds, 
inferior results were obtained with clear and bitumastic 
varnishes and with pigmented films of high water 
absorption. The experiments also showed that the anti- 
fouling properties of paints were not proportional to 
their toxicity, and in this respect appear to differ from 
the results obtained by the Marine Sub-Committee on 
Corrosion. 

In protecting metal surfaces from corrosion the 
Marine Corrosion Committees of the Iron and Steel 
Institute and the Institution of Civil Engineers have 
shown that the preparation of the metal surface is 
important, if full value is to be obtained from the 
protective paint, and both Committees have recom- 
mended the removal of mill scale by weathering, 


pickling, sand-blasting, or by other means. Removal of 


mill scale by those methods is also recommended in a 
report issued last year by the Protective Coatings Sub- 
Committee of the Corrosion Committee of the Iron and 
Steel Institute. In this report an attempt is made to set 
out the facts concerning the best methods of protecting 
structural iron and steel work by means of paint. Th 
choice of paint and painting procedures are discussed, 
but most emphasis is laid on the effect of surface con- 
dition and pre-treatment before painting, which are 
considered the most important factors for determining 
success, and the following conclusions are drawn: 
(1) Maximum durability is achieved by pairting over a 
surface which has been completely freed from mill 
seale and rust. (2) It is detrimental to allow a surface 
to rust again between the removal of the mill scale and 
rust and the application of the paint. (3) Painting over 
a complete film of mill scale may give a good durability 
in some cases. (4) The life of a surface from which the 
mill scale and rust have been removed is materizily 
reduced. 

The removal of scale is not the only method, however, 


of preparing a metal surface prior to the application of 


paint. Work carried out during recent years has shown 
that phosphated surfaces give a good adherence to 
paint, and special processes have been developed, such 
as Parkerising and Bonderising, for producing meta!!-¢ 
phosphate combinations which make a good bond 
between paint and material, and so give more effective 
protection against corrosion. Hot galvanising by zine 
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und metal spraying bv zine TABLE V.—GALVANIC SERIES FOR SEA-WATER AS DETERMINED BY SEVERAL TESTS (LA QUE AND COX) 
ana : 7 £ DV Z : 


or aluminium also afford a 


good protection to iron and ps 
steel surfaces, and surfaces Intermittent 
ila he 2 43 Continuous Immersion at Hal’ 
so treated may be addition- Immersion, tide Level, 
ally protected by painting j ; 
with suitable paints which — Galvanived wreught | Galvanised wrought Mild stecl Mild stecl Mild steel 
iro ron Ni resist ( t iron Cast tron 
are found toadhere very well cast ircn Mild stecl u'-80 lead tin sckicr | Ni resist : 13° chromium steel 
w?wlaces « —_ . Mild st Cast stcel ISS stuinless steel l chromiun teel Ni resist 
to surfaces so treated. Ni resist Ni resist (active) py IS-8 stainless steel 
IS-S stainless stecl 18-8 stainless steel Ad:riralty brass j copper- nickel Copper 
. ee m ° (active) (active) ‘ ye 
Electrolytic Corrosion ses heiae bese oante taste 20-30 copper-uichel | Nick 10-30 Copper-nickel 
. * hie brass 

rhe electrolytic corrosion Copper Yellow brass INS staink bee Mene etal Nickel 
of steelin ship structures has *" copperweke: owe vo ig — sac eas rials aan 
been dealt with by Skinner,® — 15-8 «tainle:s steel Mangancse bronze Monel met 

° ss . passive Copper . 

who discusses a special onc met 70-30 coppcrenicke 
example of rapid pitting in on sais 
a ship, and concludes that Menel meta 
such pitting results from free 
electricity. Experimental 


evidence is given of the similarity in attack on steel test with the pipe set-up, the second on the direction of 
electrodes immersed in sea-water with an electric current galvanic effects, as calculated from weight loss deter- 
flowing. Further specimens coated with the usual  minations in the 600-day with the pipe set-up, the third 
protective paints, galvanised, or with zire protectors, on the direction of galvanic effects as calculated from 
and given similar treatment, showed the weakness of weight loss determinations on specimens immersed in 
these usual protectors against electrical action. Evidence Barnegat Bay, N.J., for 124 days during summer and 
is also given that free electricity can be present in ships autumn, and the fourth on the same calculation of 
as the result of an experiment performed during some weight loss on specimens immersed continuously and 
ship trials. It is suggested from the results of these intermittently in sea-water at Eastport, Maine, for 274 
experiments and observations that rapid pitting is due days. 

to electrical action, and that protective paints are of In an investigation on the controlling factors in 
little use in arresting this special form of corrosion, and galvanic corrosion, Wesley’? presents data which shows 
that since all corrosion is generally electrical in origina the effects of the variation of cathode area and galvanic 
paint resistant to electrical attack is a more effective circuit resistance upon the corrosion current in tests on 


protection than those at present in use. iron coupled with copper in a neutral sodium-chloride 
The electrolytic aspect of corrosion in steel is also solution. Anode and cathode polarisation curves are 
dealt with by Paterson,'® who discusses in full the cause given for iron and copper, respectively. Currents 


of local corrosion phenomena in ship structures by estimated from these by application of Evans’ graphic 
reference to the mechanism of electrolytic corrosion, method are in good agreement with the observed 
under-water rusting and corrosion, and the effect of galvanic currents, and it is also found possible to express 
dissolved substances. Consideration is also given to the the results by a simple equation relating the current, the 
formation of surface films as protective agents against anode and cathode areas and the resistance. The 
corrosion, to localised corrosion, to the influence of stray _ principal that the galvanic corrosion current is directly 
electric currents, and of notch corrosion from imperfect proportional to the cathode area is deduced to be valid 
caulking. The function of protective media in preventing and moderate ratios of cathode area to anode area in 
oxygen and moisture from getting at steel and thereby solutions with good conductivity, but is shown to be 
causing rusting and corrosion is also considered. inapplicable at high ratios where the retarding effects of 

Seme observations of the potentials of metals and resistance and anode polarisiation become important. 
allovs in sea-water are discussed by La Que and Cox."' Practical aspects of galvanic corrosion are also discussed, 
Following on a review of the literature on the potentials including the influence of the nature of the cathode 
of metels and alloys in sea-water and similar chloride material and the selection of safe combinations of 
solutions, a particular method of determining potentials dissimilar metals. 


of « number of metals and alloys by use of specimens in Corrosion researches at Cambridge University, inter- 
the ‘orm of pipe through which sea-water was circulated rupted by the war, have been dealt with by Evans," 
dur'»g the test period of about six months is described. who summarises the results obtained up to the end of 


The results of tests made by this method and other 1939. In one of these investigations the exploration of 
tes! of galvanic couples in sea-water under patural the potential distribution close to the surface of zine 


co ions are recorded, and all the data from these tests partly immersed ‘n chloride solution, showed definitely 
are ed in setting up a galvanic series referring to sea- that ‘electric currents were passing between a cathode 
Wi which indicates the relative positions of about zone situated in the well-aerated region at the meniscus, 
lor’ common metals and alloys. In Table V are given and an anodic zone below it. Visible corrosion was always 
fou of the eight series determined by several tests. The associated with the zone which the electrical apparatus 
fir s based on the direction of current flow in a 6¢ Q-day showed to be anodic. From the distance between 


equipotential lines, the strength of the currents could be 
calculated, and it was found that these were strong 
12 W. A. Wesley I’r Amer, soc, Testing Mats.. DM0, ve Wp 


670-689, . : Lk U. R. Evans. Jewrn, Iron end Sterl Inst., 1940, vol. 141, pp. 219-242P. 
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enough to account for at least the greater part of the 
corrosion—and probably the whole of the corrosion 
leading to loose corrosion product. 

In another investigation attempts to obtain by means 
of water-emulsification a rust-inhibitive priming paint, 
suitable for application (a) to steel wet with water, and 


Lighting for the Inspection of 
Precious Metals 


JD resutt of black imposed upon industry as a 
result of black-out regulations have contributed 
to greater attention being given to the need for 
higher lighting efficiency in workshops and factories. It 
has been proved that not only is there a relationship 
between production efficiency and lighting efficiency, 
but that improved lighting improves the general well- 


being and health of employees. Indeed, improved 





Fig. 1.—-Fluorescent lighting in an inspection 
department. 


lighting will probably be regarded as one of the useful 
legacies of this war 

One of the many interesting examples of improved 
lighting facilities which has come to our notice concerns 
the inspection of precious metals, such as platinum, 
silver, ete., for which good lighting is essential. It must 
be planned so as to afford adequate well-diffused 
illumination to obviate glare, glitter and shadow. 
This has been accomplished in the inspection shop and 
other sections of a well-known firm of metallurgists and 
assayers in the Midlands by the installation of fluorescent 
lighting. Giass-shade pendant lights have been replaced 
by Mazda 80-watt 5-ft. fluorescent lamps in Mazdalux 
two-light continuous-trough reflectors 

As will be seen in Fig. 1 the fittings have been accom- 
modated between the ceiling trusses with the object of 
making the double-lamp troughs as unobtrusive as 


possible. The mounting height is 7 ft. 6in. from the 
floor, and an :verage intensity of 2l-candle power is 
obtained on the working plane. The hitherto ever- 


present evils or reflected glare and glitter have dis- 
appeared 

Fig. 2 is an interesting illustration in that it shows 
the solution to a particularly difficult lighting problem. 
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(b) to steel partly weathered so as to carry broken seal... 
rust and iron salts, appeared to succeed so far as the 
first objective was concerned, although prolonged ou‘- 
door tests will be required before definite claims can 
made. The second part of the investigation was not 
completed when the work had to be given up. 


The balances have an extra “‘ beam ”’ fitted, and are 
marked in vertical gradations. By the addition of very 
small counter-weights, very fine differences in weighing 


are achieved; thus the beam is a vernier type of 


measuring scale. In the assaying of precious metals it 


is obvious that nothing should impair the accuracy of 


the vision, and the one 5-ft. Mazda fluorescent lamp, in 
this case. serves for two balances where hitherto one 
100-watt concentrating fitting had been used on each. 
A small white matt reflecting surface is placed inside the 
front and at the floor of the balance proper and reflects 
light on to the vertical beam. 





ig. 2. The use of an extra *‘ beam "’ to overcome a 
difficult lighting problem. 


Development of Ebbw Vale 


THE recent annual report of Richard Thomas and Co., 
Ltd., makes good reading and shows substantial improve- 
ment inreturns. Important, and of considerable interest, 
is the announcement that, in keeping with the latest 
developments in the United States, it is this firm's 
intention to install, at the earliest practicable moment, 
an electrolytic tinning unit in connection with the 
Ebbw Vale plant. The directors express the hope that 
early installation will not only assist in gaining valuable 
experience of this latest development, but will lead to a 
wide extension in the use of the firm’s products to the 
ultimate benefit of the firm, the tinplate trade and the 
South Wales community generally. 

More important, however, is the announcement that 
Dr. C. H. Desch, formerly Head of the Metallurgical 
Department of the National Physical Laboratory, has 
heen appointed to the Board to advise on scientific 
research. There can be no doubt that this is a move in 
the right direction, and .we believe its significance will be 
realised more and more as firms appreciate the necess!*) 
of planning for post-war reconstruction and seek 
make use of the possibilities that accrue from scient 
research. 
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‘The Constitution of Alloys of Aluminium 
with Manganese, Silicon and Bronze 


I.—The Binary System: Aluminium-Manganese 


IIl.—The Ternary Systems : Aluminium-Manganese-Silicon 
and Aluminium-Manganese-Iron 


By W. H. L. Phillips, M.A. 


The constitution of binary alloys of aluminium and manganese containing 0-—37°%, manganese 
has been investigated, as slowly cooled and as annealed. The ternary. alloys of aluminium 
with manganese and silicon have béen studied in detail over the range manganese 0-8, 





silicon 0-10%,. 


studied over the range manganese 0-10, iron 0-6%,. 
here the work is outlined and some of the results are given. 


in a paper* by the author ; 


HE work described forms part of a series! of 
investigations on the constitution of aluminium, 
alloys under conditions of metastable equilibrium 

such as are likely to be met with in commercial practice. 
It has been carried out in the Research Laboratories of 
the British Aluminium Co., Ltd., under the general 
supervision of Dr. A. G. C. Gwyer, B.Sc. 

Binary alloys of aluminium and manganese con- 
taining small percentages of the iatter element are 
employed for many purposes where material is required 
having somewhat greater strength and hardness than 
pure aluminium, and possessing resistance to corrosion 
comparable with that of the pure metal. Manganese is 
also a constituent of many of the strong alloys of 
aluminium, such as Duralumin and other alloys used in 
the heat-treated condition. The amount of manganese 
present in alloys of these two groups generally lies 
between 0-2 and 1-5%, and may therefore not greatly 
exceed the amount of iron and of silicon that may be 
present as impurity. Although the constitution of the 
binary alloys of aluminium and manganese has been 
extensively studied, little is known about the form in 
which the iron and silicon may occur when present, 
separately or together, in commercial products. 

Experience has shown that commercial alloys of 
aluminium as cast or as worked are rarely in structural 


equilibrium. Undercooling of the constituents is widely 
prevalent ; peritectic reactions rarely proceed to com- 
pletion during solidification, and may even be completely 
suppressed ; whilst the ordinary operations of hot- 
working and annealing are never sufficiently prolonged 


to ensure the saturation of the aluminium-rich solid 


solution. A knowledge of the phases present in com- 


mercial products, of the limits of composition within 
whic!, the various phases occur, and of the changes 
broucht about by fabrication, is frequently required 


Inet. Metals. July, 1943, 275-316. 
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1. W. Lb. Phillips (AL-Ni-Si and A! Ni-l Aly J, dust, Metal 


The ternary alloys of aluminium with manganese and iron also have been 


These investigations are fully described 


since the corrosion-resistance, the response to anodic 
oxidation, the grain size, and the mechanical properties 
all depend, to some extent, on the properties of the 
constituents) present and on the composition and 
uniformity of the aluminium-rich matrix. 


Scope of the Investigation 

The study of the binary alloys of aluminium and 
manganese was originally intended to be very limited 
in scope, and to serve merely as a preliminary to the 
investigation of the ternary and quaternary systems. 
For this purpose it would have been sufficient to deter- 
mine the limits of occurrence of the phases present and 
their limits of occurrence within the limits 0-10°, man- 
ganese, but during the course of the work it was noticed 
that alloys containing more than about 4°, manganese 
exhibited a peculiar feature during solidification ; they 
appeared almost to solidify, and then, at a lower tem- 
perature, to become relatively fluid again. In studying 
the cause of this behaviour, it was necessary to widen 
the scope of the investigation, and eventually the range 
0-37°, manganese was covered. . 

In the case of the ternary alloys of aluminium, 
manganese and silicon, it was decided to study in detail 
the range manganese 0-8, silicon 0-10%, and also to 
determine the positions of the binary valleys bounding 
the primary aluminium phase field. The latter part of 
the investigation involved a general survey of alloys 
lying within the range manganese 0-1, silicon 10-13%. 

In the ternary system aluminium-manganese-iron, the 
range studied in detail was manganese 0-10, iron 0-6%. 
Work on the quaternary system will form the subject 
of a later paper. 

The alloys were made up from aluminium of purity 
99-67, 99-82 or 99-997%, according to circumstances, 
the highest purity being reserved for work in the neigh- 
bourhood of phase boundaries or invariant points. 
Detailed analyses of the three grades of aluminium were 
as follows :— 

99-997 


Aluminium 99-67 99-82 
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The manganese and iron were generally added in the 
form of hardener alloys containing 4-20°%, of the alloying 
clement. Silicon additions were made either with silicon 
as such or by means of a 12°, hardener. Great difficulty 
was experienced in obtaining marge rese of a sufficiently 
high degree of purity. Supplies were obtained analysing : 


\ 


Ir Tt a) 


Alu ' 7s 34 


Since only a limited quantity of the higher grade of 


manganese was available, its use had to be restricted. 
The lower grade of manganese was used for general 
exploratory work, and for preparing alloys containing 
high percentages of iron. A hardener was also made by 
reducing pure anhydrous manganous chloride with super- 


purity aluminium, but the maximum quantity of 


manganese that could be introduced in this way appeared 
to be of the order of 10°. Armeo iron was used in 
preparing the iron hardener, For exploratory work, and 
where its high iron content was not detrimental, silicon 
of the following composition was used: Iron 1-5, 
aluminium 0-42, titanium 0-04°,. Where contamina- 
tion had to be reduced to the minimum, silicon alloy 
hardeners were used, of which the iron content was less 
than 0-40°,. Attempts to use purified silicon, prepared 
by repeated grinding and extraction with acids, were 
not successful, owing to the difficulty of dissolving the 
finely powdered material in the aluminium. 

The choice of crucibles proved to be a matter of great 
difficulty. Salamander, fireclay, and bonded alumina 
crucibles, which have been used satisfactorily in 
investigating other aluminium alloy systems, were 
attacked by alloys containing relatively high percentages 
of manganese, particularly at high temperatures, result- 
ing in serious contamination of the molten alloy. Greater 
resistance to attack was afforded by earbon crucibles, 
which were therefore extensively used. 

Cooling curves were taken on samples weighing about 
200 grms., and the ingots were afterwards sectioned for 
The rate of cooling was in 
though much slower 
rates were employed on occasion. Temperatures were 
measured by a platinum platinum-rhodium thermo- 
couple; calibrated against the boiling point of water 


Micro: COP examination 
veneral about 8-10 C. per min., 
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and the melting points of tin, lead, zinc, aluminiw 
and copper, and used in conjunction with a Carpent: 
Stansfield potentiometer. In order to interpret t 
arrests on the cooling curves, and to verify the tempe: 
tures at which the various reactions took place, extensi 
use was made of quenching experiments, in which t 
alloys were maintained above or below the temperat 


in question for a period of one to three weeks, and we e 
then quenched in cold water. For this work, ard tor 
prolonged annealing experiments to determine pha-e 


boundaries in the solid state, the temperature of the 
furnace was controlled by a thermostet of the Haughton- 
Hanson type.? 


PART I. THE BINARY SYSTEM : 
ALUMINIUM-MANGANESE 


The aluminium-manganese system has been in- 
vestigated by Guillet,* Hindrichs,! Rosenhain and 
Lantsberry,? Dix and Keith,® Krings and Ostmann,? 
Rassow,* Ishiwara,® Bradley and Jones,'® Bosshard," 
Dix, Fink and Willey,'? and Késter and Bechthold,¥ 
whose work on the subject is briefly reviewed. A diagram 
of the system, based on the work of the last two groups 
of investigators has been plotted ard is reproduccd in 
Fig. 1. 

In the present investigation the ordinary methods of 
thermal analysis and microscopic examination were 
employed, supplemented by solubility measurements. 
From a study of the constitution of the alloys as slowly 
cooled, the diagram reproduced in Fig. 2 was formed. 
This shows the arrest temperatures and the limits of 
occurrence of the various constituerts in the alloys as 
slowly cooled from the liquid state. From 0 to 4°, 
manganese the only constituents present are the alu- 
minium-rich solid solution and MnAl,. The amount of 
manganese in solid solution in aluminium in slowly 
cooled alloys is rather less than 0-2%,, since MnAl, can 
be identified under the microscope at that composition, 
though with some difficulty. The eutectic of aluminium 
and MnAl, was found to freeze at 658° C. and to contain 
2-16—2-20°, manganese. There figures are the limits 
on analysing portions of ingot apparently consisting 
wholly of eutectic. The manganese content was deter- 
mined by the sodium bismuthate method. Extrapolation 
from solubility measurements place the eutectic at 1-9°, 
manganese. 

Isothermal phase changes occur at about 680°, 822°, 
and 880°C. ; quenching experiments showed that these 
were peritectic reactions, the first between MnAl, and 
liquid to give MnAl,, the second between a constituent 6 
and liquid to give MnAl,, and the third between another 
constituent e to give 8. The identity of 8 and ¢ was not 
established. These reactions only proceed to a limited 
extent during slow solidification ; envelopment of the 
primary phase by a sheath of reaction product takes place 
and the solid alloys frequently contain metastable phases. 
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On annealing, these reactions tend to proceed to com- 
pletion, but in order to attain equilibrium it is necessary 


to anneal at a temperature only slightly below that of 


the peritectic reaction and for a prolonged period. A 
general survey of the alloys as annealed is given in Fig. 3. 
The curve for the solidus in hypo-eutectic alloys and that 
for the solid solubility of manganese in aluminium has 
been plotted from the data of Dix, Fink and Willey." 
A few annealing experiments followed by microscopic 
examination served to confirm the accuracy of these 
data, and an independent investigation was not con- 
sidered necessary. 

In the series of anneals carried out particular attention 
was paid to the phase boundaries in the region 25-37% 
marganese, in order to obtain information about an 
apparent reliquefaction that occurs on cooling through 
the temperature range 680°-700° C. It was confirmed 
that this phenomenon was not constitutional in origin, 
but was due to the difference in crystal habit between 
the MnAl,, present at the primary phase at temperatures 
above 700° C., and the MnAl, formed peritectically and 
stale at temperatures below 680° C. 

The solid solubility of manganese in aluminium was 
hot investigated. 


PAP T Il.—THE ALUMINIUM-MANGANESE- 
SILICON SYSTEM 

T e constitution of this system has been studied by 

Stic -le,"* who used super-purity aluminium, silicon, and 

a hrdener made by the reduction of pure anhydrous 

mar anous chloride by means of aluminium. His 
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Fig. 3. Binary alloys of aluminium and manganese as 
annealed. 
Solid solubility curve from Dix, Fink and Willey. 


liquidus diagram is shown in Fig. 4. In addition to 
aluminium and silicon and the binary phases MnAl, and 
MnAl,, Biickle identified three ternary phases, termed 
X, Y and T. He did not investigate the two former in 
detail: they both take part in peritectic reactions below 
the liquidus and tend to disappear on annealing. He 
suggested that X might be a solid solution based on 
MrAl,, and that it reacted with liquid along AS, to give 
MnrAl,, along 8,8, to give MnAl,, and along BS, to give 
T. T is a phase of variable composition, containing 
approximately 40°, manganese and 15% silicon. It 
forms a ternary eutectic with aluminium and silicon, EK, 
containing silicon 12, manganese 1-2°, and freezing at 
575-5° C. The other invariant points may be listed as 
shown in the following table : 


Comp sition 
! ! Pempora 
Manganese siffecs ture, 
o 2 
aT Peritectic: Liq MnA ae | 1-7 ! 647 
I A! 
“ Peritect ic Liq \ ‘ 1-5 oo 
MnaAl, ! 
“3 Peritectic > Lig Mi ‘ - 3:8 l Just below 
Xx MnA!l, 7M 
“4 Periteet ic Lig ’ >‘! = pp. 15 pp. 13 


Biickle also studied the constitution of the alloys after 
annealing for 14 days at 500° C.; he noted that equili- 
brium was rarely attained during solidification ; segre- 
gation and undercooling were of frequent occurrence, 
and metastable phases tended to be enveloped by sheaths 
of reaction product and to persist to room temperature. 

In the present investigation the constitution of the 
ternary alloys of aluminium with manganese and silicon 
as slowly cooled was studied over the range manganese 
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0-8, silicon 0-10°, : but additional alloys were examined 
in order to cover the whole range in which aluminium 
is the primary phase. 

The liquid surface is reproduced in plan in Fig. 5; it 
consists of six primary phase fields. ‘In alloys rich in 
aluminium the phases present are MnAl,, aluminium, 
silicon, and a ternary phase termed a(Mn-Si). The last 
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Fig. 4..-Aluminium-manganese-silicon alloys (Bickle) : 
The liquidus surface. 
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during solidification ; cores of the 8 body therefore te: 
to occur in the MnAl, or a crystals of the solid alloy. 

In aluminium-rich alloys, the peritectic reaction 
resulting in the formation of a(Mn-Si) from MnAl, p: 
ceeds to only a limited extend during solidification, as is 
shown in the plan of the surface of secondary separation 
Fig. 6, but tends to be completed on annealing. The 
reaction is associated with a diminution in the silicon 
content of the liquid, and hence with a corresponding 
diminution in the amount of free silicon occurring in the 
solid alloy. This is a point of some commercial import- 
ance: free silicon occurring in wrought aluminium. 
manganese alloy tends to give a brown colour to the 
anodic film. The addition of silicon to aluminium- 
manganese alloys has no material effect on the grain-size 
of rolled and annealed sheets and strips. 

Four sectional diagrams are included in this part, 
showing the constitution of series of.alloys containing 
1-5 and 6% manganese and | and 4% silicon respec- 
tively. 

The Ternary System Aluminium -Manganese 

Irons 

The constitution of these alloys has been studied by 
Degischer,'® who used super-purity aluminium, carbonyl 
iron, and a manganese hardener made by the reduction 














Fig. 5. 


Aluminium - manganese - silicon alloys : 
The liquidus surface. 


is formed peritectically from MnAl,, and there is an 
invariant point at manganese 2-0, silicon 1-3°, 649° C., 
at which MnAl,, a(Mn-Si), and aluminium are in 
equilibrium with the liquid. In its binary complex with 
aluminium, a(Mn-Si) adopts a characteristic script-like 
habit ; it forms a ternary eutectic with aluminium and 
silicon containing manganese 0-75, silicon 11-75%, and 
freezing at 573°C. a(Mn-Si) appears to be a phase of 
variable composition. 

In alloys rich in manganese and silicon a ternary 
body 8(Mn-Si) is primary. It forms a eutectic complex 
with MnAl,, and reacts peritectically with the liquid 
to give MnAl, or a(Mn-Si). In the boundaries of its 
primary field are two invariant points 

(1) 3°4°, manganese, 0-5°, silicon, 660° C.: at 
which MnAl,, B(Mn-Si), and MnAl, are in equilibrium 
with the liquid, 

(ii) 2-7°, manganese, 1-3°, silicon, 658° C., at 
which MnAl,, §(Mn-Si), and a(Mn-Si) are in 
equilibrium with the liquid. 

The peritectic reactions between 8(Mn-Si) and liquid 
to give MnAl, or a(Mn-Si) rarely proceed to completion 
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Fig. 6. _Aluminium-manganese-silicon alloys : 
Secondary surface. 


cl he thermals of the aluminium surface, where it is tert ry, have al 
been indicated.) 


of anhydrous manganous chloride. His diagram for the 
liquidus surface is shown in Fig. 7. At the aluminium 
corner three phases are present, MnAl,, aluminium, and 
FeAl,, which form a ternary eutectic containing iron 1-8, 
manganese 0-7%, and freezing at 654-1°C. Using 
X-rays, Degischer showed that the aluminium phase of 
the eutectic contained about 0-3°, manganese, and that 
the MnAl, phase contained a considerable amount of 
iron. With higher contents of manganese, a further 
phase occurred, which Degischer identified as the binary 
constituent MnAl, containing some iron in solid solution. 
With high percentages of iron and manganese, a con- 
stituent which Degischer termed X separated primaril) 
from the melt. He stated that X reacted peritecticall) 
with the liquid to form MnAl,, but he did not study its 
composition. He thought that it was either a ternary 
compound or a solid solution based on one of the 
manganese-rich binary compounds, possibly MnAl,. He 
found an invariant point at about manganese 4, iron 3° 

at which the phases present in equilibrium were MnAl,, 
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MnAl,, and liquid, but he was unable to determine 
_ temperature. He noted that the peritectic reactions 
between MnAl, and the liquid and between X and liquid 
did not as a rule proceed to completion during solidifica- 
tion, and that in consequence residual MnAl, and X 
occurred frequently in the micro-sections. In_ his 
diagram of phases present in the alloys as annealed for 
three weeks at 600° C., both MnAl, and X are shown 
converted to MnAl,, and the only constituents present 
after annealing are MnAl,, FeAl;, and aluminium. 

In the present investigation the constitution of the 
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point, at which MnAl,, MnAl,, and FeAl, are in equili- 
brium with the melt, lies at manganese 3-4, iron 2-4% 
and 730°C. Both MnAl, and MnAl, are capable of 
taking iron into solid solution. The liquidus surface 
and the surfaces of secondary separation, as determined 
for these alloys, are reproduced in Figs. 8 and 9 respec- 
tively. 

The boundary between the primary aluminium and 
primary Mn: Al, phase fields slopes towards the aluminium 
axis; primary MnAl,, therefore, appears at a lower 
manganese content, the higher the iron content. This 














1RON, PER CENT 


oun CENT 





Fig. 7. Aluminium-manganese- Fig. 8. Aluminium-manganese- Fig. 9. Aluminium - manganese - iron 
iron alloys (Degischer) : The iron: The liquidus alloys : Surface of secondary separation. 
liquidus surface. surface. (Lithits of occurrence of constituents.) 


aluminium-manganese-iron alloys as slowly solidified 
was studied over the range manganese 0-10, iron 0-6° 

The constituents present were found to be MnAl,, 
MnAl,, FeAl,, and aluminium. The last three form a 
ternary eutectic containing manganese 0-75, iron 1-75°%%, 
and freezing at 654° C. FeAl, forms eutectic complexes 
with MnAl, and MnAl,, and is capable of taking a con- 
siderable amount of manganese into solid solution. The 
temperature at which MnAl, reacts peritectically to 
form MnAl, rises with increasing iron: the invariant 


Grinding Characteristics of 
Mineral Products 


ConpucTED at random over a long period to answer 
problems of the moment, tests have been made by the 
Bureau of Mines in order to record the grinding charac- 
teristics of coal and other minerals. The results are 
compiled and contrasted in a report recently published. 
The report records power consumption and size distri- 
bution data for the grinding of anthracite, bituminous, 
and hoghead coals, cement clinker, chalcedony, chalco- 
pyrite, chert, limestone, quartz, rutile, siderite, 
sph: lerite, taconite, tale, topaz and zircon. The minerals 
wer segregated into four cleavage and fracture patterns, 
th with perfect cleavage, those with prominent 
cleavage, those with little or no cleavage, and an uneven 
fracture, and those with conchoidal fracture. 


| impression that superfine grinding cannot be 
don economically between metal surfaces is not well 


fouled, according to the Bureau engineers. The tests 
disc »sed, they added, that kaolin and mica could be 
ground to a finer size in the channel-roller pulveriser 


is a point of some commercial importance, since alloys 
in the primar) y MnAl, field are liable to segregation. On 
adding iron to commercial aluminium-manganese alloys, 
the first effect is to increase the size and number of the 
MnAl, crystals. With further additions, FeAl, appears. 
Both ‘MnAl, and FeAl, are broken up during rolling, 
and serve as obstructions to the growth of the aluminium 
crystals during recrystallisation. By increasing the 
amount of obstructing material present, the addition of 
iron to these alloys has a grain-refining effect. 


used than in a steam-jet grinder, and the efficiency of 
the pulveriser was at least as great as that of the steam- 
or air-jet grinder. Crushing and grinding resistance of a 
substance appear to be separate and unrelated properties, 
or, in other words, a substance hard to crush may be 
easy to grind. 

This Report of Investigations 3704 is by Glen Dale 
Coe and Will H. Coghill, and a copy may be obtained 
without charge by writing to the Bureau of Mines, 
Department of the Interior, Washington, D.C., United 
States. 


David Brown’s New Directorate 


David Brown and Sons (Huddersfield), Ltd., announce 
that the Rt. Hon. Lord Brabazon, P.C., Sir Arthur 
Matthews, Sir Alexander Dunbar, and Mr. Walter 
Haydn Child, M.1.Mech.E., have been elected directors 
in addition to Mr. David Brown, Sir Ernest Roney and 
Mr. W. Killingbeck. Lord Brabazon has been elected 
chairman, and Mr. David Brown continues as managing 
director. 
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Reviews of Current Literature 


Spot Tests for the Identification of 
Certain Metallic Coatings and of 
Certain Metals in Bulk 


THis monograph is concerned with rapid and simple 
methods for identifying a coating on another metal 
which may also be used for rough sorting of certain 
metals that are mixed in bulk. It is not intended to 
describe the technique for the complete qualitative 
analysis of metal parts or coatings. 

The ordinary drop test concerns the solution of the 
substance in a drop of liquid, the removal of the drop 
and the subsequent application of reagents, frequently 
entailing micro-separations. 1) this book a scheme of 
tests is given, which are applicable only to metallic 
surfaces, wherein the essential reaction takes place 
directly in the drop placed on the surface and separation 
is impossible. Only in one instance—that of antimony 
is removal of the drop advocated. 

The tests described are concerned mainly with the 
examination of metallic coatings, the first part dealing 
with single metals, such as silver, lead, tin, antimony, 
copper, bismuth, cadmium, iron, chromium, aluminium, 
zine, manganese, nickel, cobalt and magnesium. In this 
section 19 tables are given, each giving results from the 
application of different reagents. The application of 
the methods to the determination of alloy coatings is 
also yiven 

Although this book contains only 24 pages it should 
prove a real time-saver, and the scheme of tests given 
involves less skill than that required for the usual 
drop tests 

By B.S. Evans, M.C., M.B.E., D.Se., F.LC., and D. G. 

Higgs; published for the Society of Analysts and 
Other Analytical Chemists by W. Heffer and Sons, 
Lid., Cambridge. Price 3s. 6d. net 


Thermostats and 

Temperature Regulating Instruments 
THE past few years has shown a great increase in the 
application of automatic temperature controllers for 
laboratory and industrial purposes, especially for applica- 
tions in industry; there hav been improvements in 
design and as a result industrial apparatus ts more 
capable of withstanding normal usage in works. Greater 
attention has been devoted to determining the basic 
principles of temperature control. In view of the 
increasing complexity of the subject, the main objectives 
towards which efforts are being directed sat present are 
(a) To establish a nomenclature which will be generally 
acceptable ; (6) to classify the processes to be controlled 
and the methods of control ; (¢) to develop a theory of 
temperature control in terms of time constants which 
will yield solutions to practical problems and which 
will define a * figure of merit to describe the effective- 
ness of a given method of control in a given process. 

Some of the more important views contributed to 
this latter sul ject are included in the Appendix of this 
book, which is presented as a second edition and which 
deals with various aspects of the progress in thermostats 
and temperature regulating instruments. Various aspects 
of the subject discussed are ; Thermostats based on the 
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expansion of gases with temperature, and of those bass 
on expansion of liquids ; thermostats for use at atm« 
pheric temperatures, employing regulators dependii.: 
on the expansion of volatile liquids; accurate 100 
temperature control; mercury-expansion thermostat 
classification of control equipment ; industrial types 
regulators based on the expansion of a liquid ; therm 
stats using boiling liquids, and those using the expansiv 
bimetal strip regulators ; electric resistance 
indicator and recorder contact types of 
regulator ; potentiometric regulators; temperature 
control using radiant energy;  electrical-induction 
regulators ; low-temperature control ; relays and valves ; 
classification of heat-exchanges; and, as previously 
mentioned, an Appendix dealing with theoretical con- 
siderations of temperature control. 

Temperature control is important in so many branches 
of industry that a knowledge of the subject is necessary 
to ensure the installation of suitable equipment for the 
purpose and also to ensure that it is used properly and 
maintained in good condition. This book supplies the 
necessary information and is admirably written and 


of solids : 
thermost ts: 


illustrated. 
By Roosevelt Griffiths, M.Sc. ; published by Charles 
Griffin and Co., Ltd., 41, Drury Lane, London, 
W.C. 2. Price 12s. net. 


The Mechanical Working of Steel 


Tue working of steel is so essential to provide the 
countless shapes of components and structures required 
in this material that a surfeit of books on the subject 
would naturally be expected ; actually, however, there 
are very few. This is probably due to the fact that 
success in each process of working siccl is dependent 
upon the skill and experience of craftsmen in manipulat- 
ing machinery to the best advantage, few of whom are 
able to translate their skill and experience into words. 
Further, the work becomes specialised, thus an expert 
in forging under the drop-hammer or press would be 
unfamiliar with the iptricacies of rolling. However, this 
book recently published on the subject is an attempt 
to explain the many manipulative processes as simply 
as possible. It is really complementary to two books 
by the same authors, entitled “Steel Manufacture 
Simply Explained” and “The Structure of Steel 
Simply Explained.” 

In this book such operations as forging, drop-forg ing 
upsetting, heading or machine forging, cold-heading, 
rolling (both hot and cold), pressing, bending, extrusion, 
cold-drawing,  thread-rolling;  knurling, — spinning, 
riveting, planishing, flattening and radial expansion are 
explained in an interesting and informative manner. 
The work is presented in a form which enables it to be 
readily assimilated by the layman, and especially by the 
engineering student. Those actually engaged in the 


various operations will also find much of interest and ot 


assistance to them in carrying out these operations. The 
authors are to be congratulated on tackling a subject 
the intricacies of which are not easy to describe in 
simple terms. 
By Edwin Gregory, Ph.D., M.Sc., F.LC., and Eric N. 
Simons, with a Foreword by Dr. F. C. Lea, O.B. ©. : 
published by Sir Isaac Pitman and Sons, | d, 


Parker Street, Kingsway, London, W.C. 2. Price 


10s. Gd. net. . 
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Heat lI'’ransfer in Batch Heat-Treatment 
of Metallic Strip 


By O. G. Pameley- Evans, B.Sc., A.I.C., Assoc. Inst. Gas E. 


The problem of translating into practice the specified heat-treatment for any strip material in 


batch -type furnaces is discussed. 


Two forms are considered—treatment in circular coils and 


in packs of cut lengths—and attention is directed particularly to the former process. 


HERE are only two forms in which cold-rolled 

I strip metal is heated by batch processes—either 

in circular coils, or as packs of cut lengths. 
The thermal similarity of the two methods of stacking 
the load are such that a discussion of one largely 
includes the other. The more interesting case is that 
of the circular coil, and it is with this case that these 
notes will mainly deal. 

There is, however, one major point of heat transfer 
which is greatly affected by a minor difference in stack- 
ing of the steel, accordingly as it is in cut lengths or 
coils 
the strip is horizontal ; coils, so that the coiled plane is 
vertical. 

We may assume that there is a thin film of rolling 
lubricant between adjoining strips—vertical in the case 
of coils, horizontal in the case of cut lengths. The thermal 
conductivity of this film is very different from that of 
the metal—commonly steel. 

If we assume that heat is transferred from the outside 
of a mass of cut lengths to a point on the other side 
with an instantaneous temperature difference of At, and 
a thickness of metal (of thermal conductivity /) L, then 
the heat transferred per unit time per unit area normal 
to heat flow is qg, where 


q L 


In the case of a coil, where » turns of gauge | make up 
a thickness of metal L, and & is the thermal conductivity 
of the metal, and k' that of the lubricant, in a film of 
thickness I’, then g' is the quantity of heat transferred 
per unit time per unit area normal to flow of heat, for 
an instantaneous temperature differential a /, 
At 
nl , (n-1)l' 
k oe 
ratio of these two quantities of heat is 
nl (n-1)0 
| 3 


gq" - 


L 
k: 
rst approximation (assuming that the oil film is 
ond order of dimensions compared with the 
ss of the strip) 
nl = L, 
_ (n-l)l, k 
ki L 
umerical example take k for steel as 26, and kh 
as 0-08, 


Cut lengths are usually cut so that the plane of 


¢ n-1)l 26 
then d 1 + \ x = 
q' 0-08 L 
since nl = L, we may approximately put (n 
so that 


9-OS 


It thus appears that the oil film is a most important 
factor. If the steel strip is of 0-1 in. thickness, and the 
oil film 0-60001 in. thickness, 
q 1 
q' 

or a change of 0-325°, in conduction by the mass. 
Were the oil film one thousandth of an inch thick, the 
decrease in thermal conduction would be about 30°). 

If hot-rolled strip is to be similarly heated, where a 
layer of scale (in the case of steel the factor for the 
thermal conductivity of the film of Fe,O,, k', is given by 
International Critical Tables as 0 -00523 watt /em.°C. 
for Fe,O 3, or 0-303 B.Th.U./hr./ft. at 0° C.—this vary- 
ing with temperature, as indicated by the expression 
kt 0-00523 |1 0-00193 (#°C.)*) exists on the surface 
of the strip, this layer occurs in double thickness between 
the turns of the coils, so that the rate of heat transfer 
in this case may be compared with that existing in 
material packed so that the heat has not to cross the 
scaly layer, as above, for steel-lubricant laminz, 

q I! 26 wee 

Th ee ees 
If the steel strip be } in. 
séo in. thick, then 


( 8 
y — 14 85-6 x — 
250 


0-00325, 


q' l 
thick, and carries a layer of 
scale 


3 ss 75, 


or the thermal conductivity of the coiled pack is reduced 
by 275%, compared with pure steel, or horizontal 
stacking of cut lengths. 

There will be factors tending to decrease the above 
differences in practice, but the striking difference 
caused by thin layers of poor conductors should be 
clearly understood. 

In whatever way the steel is stacked, the hot surfaces 
heating it are mostly vertical; in pot electric furnaces 
the plane of the elements is vertical, and gas-fired pot 
furnaces have vertical gas-combustion spaces, and either 
a muffle or the pot wall itself provides a vertical radiant 
surface—although in bottom-flue types there is a 
subsidiary horizontal heating surface at the base. The 
only common batch type with appreciable horizontal 
radiating surface is the bogie type, in which the roof 
radiates down on to the load. In all cases the main 








heat transfer is by radiation to the load. Conduction 
plays a minor part, as may be seen thus :— 

Assume that the pot wall is at 700° C., and that 
the outer surface of the load is at 400°C. Let the 
atmosphere inside be air, of thermal conductivity 
0-0329, and at mean temperature of 550° C. Heat 
transferred by conduction through the air (assumed 
stagnant) is 

300 x 9, 


» 


00-0329 


B.Th.U. per hr. per sq. ft., per ft., 
or 17-5 B.Th.U. per hr., per sq. ft., per ft. 

Heat transferred by radiation is given by Stéfan’s 
Law as 
17-3 x 107° [1752" 1212'| (Converting 

C. into “R) 
12,100 B.Th.U./sq. ft./hr. 

To the above figure for radiant heat transfer must be 
added a further quantity of heat radiated from the gas 
between the hot surface and the material, if the gas 
contains appreciable amounts of water vapour or 
carbon dioxide, and from it must be subtracted the 
amount of radiation absorbed by these gases. Air was 
postulated as the gas between the radiant surface and 
the load in the above, but a flue gas may be considered 
as follows : 

The amount of heat radiated by a gas at 
atmospheric pressure containing 16°, CO, and 10% 
H.O, and at 550° C. to a surface at 400° C. is given 
by H, where 

H = 0-972 E [(I, — I,) + (} — I})] 
where emissivity of receiving surface 

I, and I} are values of total radiation at temper- 
ature of gas for CO, and H,O, respectively. 

I, and I} are values of total radiation at temper- 
ature of surface for CO, and H,O, respectively. 
Whence H = 237 B.Th.U./hr./sq. ft. 

Thus total radiant heat far outweighs conducted heat 
at even moderately low temperatures, and at higher 
temperatures the disproportion is even greater, owing to 
the fourth-power law governing radiation. 

The effects of convection in the gaseous medium 
surrounding the load, and between it and the radiant 
walls, has received some attention, and many makers of 
bell-type furnaces include a fan in the base on which 
the load is stacked, so that the gases inside the load 
container may be moved in forced convection over the 
load—up or down the central space of the coils, and 
down or up the annular space between load and the 
radiant walls. Results to hand are largely experimental, 
and design empirical, but the general effect of passing 
from viscous convectional heat flow to turbulent forced 
convection is valuable. It only operates, however, on 
heat conducted to the load, and, as seen above, thereby 
only affects a small fraction of the total heat transferred. 
In the conditions outlined above (radiant wall, 700° C. ; 
load, 400° C gas, 550° C.) the fractional heat transfer 
affected by turbulent circulation of the gas is only 

17-5 

12,100 + 17-5, 
improvement in heat conduction by use of a fan produces 
a change of 0-2 x 0-145 0-029°,, in total rate of 
heat transfer—an utterly negligible quantity. The 
value of the fan lies rather in the place at which heat 


or about 0-145°,. Thus, a (say) 20° 
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/ transfer occur 

Hot gases 

heated by con- 
duction from th 

furnace wall, an | 
as the load 
warms up, bh, 
the outer surface 
of the load, are 
blown through 
the central verti- 


y 





stacked coils, so 
heating the inner 
surface of the 


coils. Fora 

Yj simple analysis 

of this effect, 

an elementary expression may be derived as follows :— 

R, is the inner radius of the furnace, Ry is the 

outer radius of the coil, R, is the inner radius of the 
coil; the coil stack is of height H. 

Assume that the fan circulates V vols per unit 

time ; volume of annular space is 7 (Rj — RH, 

volume of central space is 7RH}?; ratio of volumes 


is Rj R2/R2; hot surface of annular space is 
27R,H. 


Heat-absorbing surface of central space is 
27R,H ; ratio of surface area is R,/ Rs. 

The time during which unit volume of circulating 
atmosphere is in the annular space is 7(Rj 3) 
H/V. Similarly, the time the gas is in the central 
space is 7wR3H/V. 

The (effective) heating area swept per unit volume 
of circulating atmosphere in annular space is given 
by 

Heating area ie ; ad 
— x Time unit volume is in the space 

Per unit volume 

27R,H x 2(Ri R2)H/V. 
Similarly, for the central space, effective heating 
area is 
27R,H x wR H/V. 

For efficient heat transfer the two latter should 
be equal, 
or 27R,H x 2(Rj R2)H 27R,H 7REH, 

Vv : V 
i.e., R,(Ri — Rs) = R35. 

R, is a furnace constant, so that the possible 
solutions are limited practically to a very small 
range. If we assume that both surfaces of the 
annular space heat the gas equally, the expression 
becomes :— 

(R, + R,) (Ri — R2) = R35, 
which is a similar relationship. 

Such volumetric relationships, however, are of little 
value on their own, since complex expressions involving 
dimensionless quantities, chiefly the Nusselt (u), 
Reynolds (Re), Prandtl (Pr), and Grashof (Gr) numbers 
are involved, and equations for heat transfer by con- 
duction from solids to moving fluids in contact with 
them are in general of the form 


Nu = f(Re, Pr, Gr), 


Y cal core-space of 
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an the relationship is usually considered, from experi- 
mcatal data, to be a function of the form 

Nu = KRe'Pr'Gr‘, 
where K is a constant and a, 6 and ¢ are indices of the 
dimensionless quantities. 

The transfer of heat to the load is, however, only : 
part of the problem. Arrival of radiant heat, or conducted 
heat at the outer surface of the stacked load, is the first 
stave. From then on conduction into the load is the 
governing factor. For modern critical heat-treatments 
the whole load must attain a specified temperature, and 
in order to achieve this the outer surfaces must slightly 
exceed the specified temperature, otherwise no differential 
temperature would exist to transfer heat to the coolest 
parts of the load in the final stages. The usual expression 
for heat transfer into a semi-infinite mass postulates a 
decreasing trigonometrical function of a form : 

T=T,e _ sin(Bé — Cx) 
where T is the temperature at time @ at a point distant 
x into the solid from its surface whose temperature is 
varying in the form 
T = T, sin B@. 
A, B and C are constants. T is clearly the amplitude of 
variation of surface temperature. 

The sine function is a very good approximation to 
practical furnace conditions, although in the case of 
furnaces using automatic control of the proportional 
type, operating on the temperature of the outer surface 
of the heated load, the temperature variation of that 
outer surface tends to follow a hyperbola. Mathematical 
analysis, using the above sine expression, has led to 
forecasts, verified to within 1% from practice, of 
temperatures at any point in the load. 

In pot-type furnaces a thermal couple, or other 
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temperature measuring device, is usually suspended at 
roughly the centre of the vertical axis of the core-space. 
For all practical purposes this central space may be 
regarded as one in which black-body laws are followed, 
so that the thermocouple indicates the temperature of the , 
inner surface of the coils. It may be surprising to note 
what effect the difference in coil inner and outer diameters 
(i.e., 2 in the expression T = T,e~™ sin(Bé@ Cx)) has 
upon transfer of temperatures. For one load of steel 
coils which has come to the writer’s notice, a change of 
2 in. in the quantity R,— R, (i.e., 2 or “ steel thickness ”’) 
produces a change of 140° C. in the temperature of the 
inside surface for identical temperature variations 
applied to the outer surface—that is, identical “ heat- 
treatments.” 

It is, therefore, immediately apparent that correct 
heat-treatment in any type of batch furnace is impossible 
until a considerable amount of data on the constants 
peculiar to the furnace have been obtained. This data 
may well be embodied in tables of the form :- 


i} 
Cou 


Diameter. 


ee 
Thermal | 


Diffusivity. 


Heat 


Therma! | 
lreatment. Ren 


Analysis. |Conductivity. 


tarks, 
Seale, oil film, 
total weight, 

ete, 


Such forms can be used for the collection and collation 
of data, comparison of actual temperatures obtained 
with those previously calculated from furnace and 
material constants, and final fixing of heat-treatment 
best suited to achieve the figures of temperature and 
time specified metallurgically. 

The above is a brief effort to indicate a line of approach 
to the problem of translating into practice the specified 
heat-treatment for any strip material in batch-type 
furnaces. 


Seam Welding with a Carbon Arc 


Carbon are fusion welding, in contrast to metallic arc weiding, simply fuses 
the metal parts required to be joined instead of applying or adding metal, 
and technique of seam-welding light-gauge steel by this method is described. 


and if, in addition, money and time are saved as 

well, the practice is distinctly worth noting. 
Such a practice has been outlined recently by R. A. 
Tobler* in a method and technique of seam-welding 
ight-vauge steel, using a carbon are instead of a metal 
are, and which claims to save all three—metal, time and 
money, 

Carbon are fusion-welding, which consists in the fusing 
together of like metals using flanged seams wherever 
possible to ensure best results, in contrast to metallic 

g, simply fuses the metal already there, instead 
of applying or adding metal. It has been found to be 
water-proof, air-proof, and gas-tight, and is adaptable 
to a vy ide variety of uses, and is particularly useful for 
light-v auge steel welding, and is found to be very suitable 
lor puting bottoms in buckets, boilers and other metal 
conti ers. 

In » elding, the parts held together with water-cooled 
calm) . are first ‘‘ tacked,” using a } in. carbon are rod 
in str. ght polarity at 200 amps. 75 volts. The clamps 


A NY practice that saves metal is of interest to-day, 


are we ding 


*Metals and Alloys, 1943, vol. 17, No. 5, 


pp. 968-269, 


are then removed, and the job is propped up at a 10%, 
slope so as to make the metal flow, and flow evenly- 
neither too fast nor too slowly. The puddle of molten 
metal follows the tip of the are and it is necessary to 
keep just ahead of this puddle. If the puddle begins 
to get too large it may be controlled either by going 
faster or by raising the are slightly, which lowers the 
temperature and reduces the flow. With practice, the 
speed of welding can be adjusted along with raising 
or lowering the arc, and the amperage can be increased 
up ‘to 300 or 350 amps., which gives the maximum of 
speedy work. Working at such a speed, a skilled operator 
‘an easily weld at 250 ft. an hour if the metal is clean, 
Carbon are welding is suitable for steel of 14 to 20 
gauge inclusive, but the thicker the metal the greater 
the amperage and voltage required to maintain proper 
speed and efficiency. While generally used for seams, 
in the hands of a skilled operator it can be used for 
square corners without seams. When comapred with 
metallic are welding, carbon are welding is computed 
to be one-third less costly, principally due to the saving in 
metal and the accomplishment of more work in less time. 





18) 


METALLURGIA 


Aveust, 1943 


Note on Some Precipitation Effects Observed 
in Mild-Steel and Wrought-Iron Pipe 


By T. H. Schofield, M.Sc. 


Precipitates observed in mild-steel and wrought-iron pipe after service have been removed 


by hi ating al SOO 


is probable that the precipitates consist mainly of iron nitride. 


520°C. and reprecipitated by prolonged heating at 150°-180° C. It 


This paper is published* 


by the lron and Steel Institute and is re produced here. 


URING the course of a microscopical examination 
ot a piece of corroded mild-steel hot-water pipe 
(steel CRL in Table 1) which had been in service 


for about three years, it was observed that the material 
etched in alcoholic nitric acid showed a precipitat. within 
of which varied in individual 
relation to 


the grains, the amount 
grains and sometimes seemed to beat 
the crystallographic planes (ef. Figs. 1 and 2). 
the precipitate was very fine, but some was in the form 
of needles iron nitride (Fig. 2). Similar 
precipitates were observed in samples of mild-steel and 
wrought-iron pipes (A and C respectively, in Table 1) 
which had been recovered from a burnt building (Figs. 
\s these structures may be of general interest 


son 


resembling 


5 and 6) 
the following brief des« ription is given 


Chemical Analysis 
The chemical analyses of the three materials and of a 
specimen of hot-rolled mild-steel plate (GUE) of higher 
carbon content than the other given in 
Table L; the latter steel was included in the experiments 
because it contained an appreciable amount of nitrogen, 


materials are 


but showed no precipitate. 


The analyses suggest that CRL and A are rimming 
sten Is, probably produce d by the Ba ssemer process, and 
that Cis a wrought iron: the steel GUF was known to 


have been produced in a basic electric furnace. 


Heat-treatment and Microstructure 

On heating a small specimen of steel CRL for } hour 
at 500°C. followed by air-cooling, the precipitate almost 
disappeared, except for a few of the larger needles in 
some isolated areas. No prec ipitate or needles remaimhed 
IS hours at 500°C. followed by air- 
cooling (Fig. 3). Similarly, no precipitate remained in 
specimens of A and C after heating for 18 hours at 
520° C. followed by air-cooling (Figs. 7 and 8). 
the specimen GUF showed no precipitate it 
heated at 5007-520 C 

Attempts were then made to reproduce the pre- 
cipitates by heating at low temperatures (150°—-180° C.). 
After heating specimens of CRL and GUF (CRL pre- 
heated at 500°C.) for 9 days at 150°C. no 


after heating for 


> 
Because 


was not 


viously 


Much of 


ft "s* ¢ 

> & ' 
Fig. 1. Mild steel pipe 
CRL, as received, x 500. 


Fig. 2.—Mild steel pipe 
CRL, as received, x 500. 
Field not included in Fig, 1, 
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Fig. 4.—Mild steel pipe 

CRL, heated for 18 hours 

at 500° C., air-cooled, held 

for nine days at 150 C., 

followed by 19 days at 
180 C, x 500. 


Fig. 3. Mild steel pipe 
CRL, heated for 18 hours at 


500 C., air-cooled, x 500. 


ae ee 

fk. 8 gt 

$ eye : 
“ -~—-*. 


r 
S.3 


a 


. 


yon. S 
Wrought iron pipe 


Mild steel pipe A, Fig. 6. 
x 500 


Fig. 5. 
x 500. C, as received. 


as received, 


All specimens etched in a solution of nitric acid in alcohol. 
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precipitate was observed in either specimen. The 
temperature was raised to 180° C. and after 9 days some 
needle-like precipitate was observed in CRL but not in 
GUF. These two specimens, together with specimens A 
and C (previously heated to 520° C.), were then heated 
for longer periods at 180° C. and examined at intervals. 
No further change in the amount of precipitate was 
observed after heating specimens CRL, A and C for 
about 35 days, and no traces of precipitate were found in 
steel GUF after heating for 74 days, when the experi- 
ments were stopped. 

Fig. 4 shows the structure of CRL after reheating for 
Ydays at 150° C. and 19 days at 180° C., and Figs. 9 to 12 
illustrate the structures of A, C and GUF after heating 


@ 


2 


Fig. 7.—-Mild steel pipe A, Fig. 8..-Wrought iron pipe 
heated fer 18 hours at C., heated for 18 hours at 
520 C., air-cooled, x 500. 520° C., air-cooled. x 500. 
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Fig. 9.__Mild steel pipe A, Fig. 10.—-Wroughtiron pire 
heated for 18 hours at C, heated for 18 hours at 
520 C., air-cooled, then 520°C., air-cooled, then 
reheated for 74 days at reheated for 74 days at 
186°C. x 500. 180 Cc. x 500. 
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Wroughtiron pipe Fig. !2.—- Piate steel GUF, 
. ted for 18 hours at he.ted for 74 days at 180° C, 
526 air-cooled, then x 500. 
rehe. ed for 74 days at 
iso C, x 500. 
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for 74 days at 180°C. In addition to the needle-like 
precipitate in the wrought-iron specimen C, a sub- 
boundary precipitate, probably due to another con- 
stituent, was observed in some areas (Fig. 11). 


Summary and Conclusions 

Precipitates observed in certain mild-steel and 
wrought-iron pipes after service have been removed by 
heating at 500°-520° C. and reprecipitated by prolonged 
heating at 150°—-180° C. 

Compounds of elements present or likely to be present 
in the materials which might be expected to give such 
precipitation effects, as judged by the form of their 
solubility curves in ferrite, are iron carbide, iron nitride, 
and possibly iron phosphide. The needle-like habit of the 
precipitate suggests that it may be iron nitride. If this 
is true, whether precipitation occurs or not after low- 
temperature heating appears to depend on the com- 
position and or the initial condition of the material as 
well as on the nitrogen content, since the steel GUF, 
containing 0-01°, of nitrogen, gives no precipitate after 
a period of heating, in which the wrought-iron tube C, 
containing 0-008% of nitrogen, does so. In this con- 
nection it is noteworthy that the materials showing the 
precipitate have also a high phosphorus content. 

Dean, Day and Gregg,' Késter? and Epstein® have 
noted similar precipitation effects in iron and mild steel. 
The former workers observed that high-purity electrolytic 
iron normally showed no needles, but when melted in 
vacuum and treated with ammonia 
those illustrated here 


air or melted in 
needles of a type 
appeared. 

It is probable that the precipitate was not present in 
the pipes before service, but was produced by prolonged 
heating at temperatures near 100°C., and at this 
temperature the precipitate is finer than that produced 
at 150°-180° C.; a sub-boundary precipitate observed 
in the wrought-iron specimen in addition to the needle 
form may be due to another constituent, 

The work described above was carried out as part of 
the research programme of the National Physical 
Laboratory, and the paper is published by permission 
of the Director of the Laboratory. 
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Personal 


Dr. Edwin Gregory, Ph.D., M.Se., M.LE.I., F.CS., 
F.1.C.. chief metallurgist of the Park Gate Iron and 
Steel Company, Rotherham, for a number of years, has 
been appointed to the post of assistant director in charge 
of the Metallic Materials Section of the Aeronautical 
Directorate of the Ministry of Aircraft 


Inspect ion 
He took over his duties on August 3, 1943. 


Production. 


Mr. Bernard Thomas, managing director of Midland 
Heat Treatments, Ltd., has been elected president of 
the Staffordshire Iron and Steel Institute for the ensuing 


session. 


Mr. J. Parton has been appointed general manager of 
the Whitehead Thomas Bar and Strip Co., Ltd., Seun- 
thorpe. 
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British Resources of Steel Moulding 
Sands 


A comprehensive report on the work carried out to determine the suitability of various 


materials for steel moulding sands is reviewed, 
in areas conveniently near Sheffield, Lancashire, the Midlands, and the 


available 


It is shown that suitable materials are 


T'yneside and Tees-side districts. 


N recent years considerable attention has been given 

to the discovery in Britain of sands suitable for 

preparation of moulding materials for the steel 
foundry. Sands from a few localities have been used for 
many years, but these were somewhat limited and 
involved considerable transport. In the first Report 
of the Moulding Materials Sub-Committee,* attention 
was directed to the characteristics of certain crushed 
grits. In view of the possible usefulness of several of the 
vrits then examined for the preparation of moulding 
materials, it was considered desirable to make a more 
complete investigation of the grits and sandstones 
accessible to steelmaking districts. The present Report,t 
which is presented in five parts, deals with grits and 
sandstones of several areas which are within easy reach 


of steel foundries. 

Attention is directed to the relationship between the 
petrology and the moulding characteristics of grits, and 
it is shown that from a petrological examination to 
determine the mineralogical composition (by micro- 
metric analysis) and the microstructure, useful indica- 


tions can be obtained of the form of the mechanical 
vrading curve, the green strength and permeability, and 
the refractoriness. 
The important petrological feature of the type of grit 
likely to be suitable for steel-moulding purposes are :— 
(a) The grain size should be uniform (0-3—1-0 mm.). 
(6) Suturing in the quartzitic aggregates should be 
simple, so that the proportion of composite 
grains in the crushed material will be small. It 
also appears to be desirable that the quartz grains 
should be free from strain. 

(c) The quartz content should not be less than 80°. 
(¢) The content of sericite and kaolin should not be 
high, because of their effect in increasing sinter 
ability the limonite is 
wdvantageous, but its proportion should not be 
high. A felspar content as high as 10°, may not 
be detrimental if it is fresh, ulthough a high 
felspar content reduces the ultimate refractori- 

ness of the crushed grit. 
Part 1.-The Upper Carboniferous Grits and 

Sandstones of the Eastern Part of the Peak 
District 


presence or some 


Some 30 rock samples from the upper carboniferous 
urits and sandstones of the eastern part of the Peak 
District have been examined. This area is within easy 
reach of Sheffield, Lancashire and the Midlands, ang 
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the use of some of these sandstones and grits for moulding 
purposes is only just beginning. Those examined com- 
prised felspartic grits and sandstones. They are com- 
posed essentially of quartz and a variable proportion 
of felspar, together with some muscovite, sericite, kaolin, 
and limonite. It was found that the quartz content of 
the crushed grits could be increased considerably by 
sieving and washing. 

Detailed descriptions of the petrology of the samples 
examined are given, and the moulding characteristics 
such as grading, permeability and green strength are 
considered at length. Several of the grits examined were 
found to fulfil requirements, while others might be 
improved by blending or could be used with those 
requiring more bond. 

Part 2._-The Lower Carboniferous Sandstones of 
Rothbury Forest and Alnwick Moor 

The Fell Sandstones of this area are so friable that in 
many cases they can be crushed between the finger and 
thumb. They are composed almost entirely of quartz ; 
felspar usually forms less than 1% of the rock, while 
kaolin and secondary micas usually form less than 5%. 
After simple washing, the crushed sandstone has a high 
silicion content, for example, 98°, from locality. These 
sandstones occur within easy reach of the Tyneside 
foundries. 

Samples from eight localities in this area 
examined. Three of these, after crushing and washing 
were found to yield sands composed of clean angular-to- 
sub-angular grains ; 70°, of these grains have diameters 
between 0-50 and 0-25 mm. The silica content of the 
sands after washing ranged from 97 to 98%. Three 
sandstones from other localities were finer grained than 
those already mentioned. Of the eight examined, with 
the possible exception of two, the sand produced by 
crushing these sandstones appears to be sufficiently 
refractory for steel-foundry use. After washing they are 
comparable in character with high-silica sands of similar 
rrading from other sources, such as Leighton Buzzard 


gre 
Part. 3.—-The Moor Grit of North-East Yorkshire 


The normal Moor Grit is rather felspartic and is 
being worked at one locality for moulding sands for 
use on Tees-side. The quartzitie variety (white flint) is 
worked for silica-brick manufacture at several localities. 
Only the iron-free portion of the white flint is suitable 
for this purpose, and the remainder, which is slightly 
iron stained, is thrown on the tip. This discarded 
material is a potential source of high-silica sand for stcel- 
moulding purposes. . 

Samples from fourteen localities have been exam ed, 
comprising both felspartic and quartzitic varieties, : nd 
it is considered that the coarser felspartic varieties could 

[Continued on pag: 92 


were 
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Hardness and Wear Resistance 


Relationship of these Properties in 
Hard Surfacing Materials 


The erroneous idea prevails among many that the property of hardness is the most important 


of the properties required of hard-facing alloys. 


Actually, in the development of hard- 


facing metals, the factor of most importance is the ability of the alloy to withstand severe 
abrasion or uear, and this factor is emphasised. 


XPERIENCE has shown that no_ particular 
EK property can always be associated with high 

resistance to wear, although it is known that 
tensile strength, indentation hardness, and ductility or 
toughness are properties of some importance. In general, 
investigations have shown that resistance to wear does 
not increase directly with the tensile strength nor with 
the hardness as determined by any of the usual methods, 
But the hardness of various alloys has been emphasised 
to such an extent that this property is regarded by 
many as the most important in hard-facing alloys. It is, 
of course, true that practically all hard-facing metals are 
of the hard type alloy, but it is also true that there are 
many alloys in common use which possess great hardness, 
but which could not be termed hard-facing alloys. In 
discussing the subject, Spence* refers to high-speed steel 
as one example. This type of alloy, in the heat-treated 
condition, is considerably harder than the majority of 
hard-facing metals, because extreme hardness is essential 
for cutting efficiency. High-speed steel, however, was 
not developed for wear resistance, and consequently does 
not contain the properties which are necessary for 
resistance to abrasion. Generally, the hardness of both 
heat-treated alloys and of facing alloys will vary accord- 
ing to the type of material, from Rockwell C 30 to 
Rockwell C 65. 

In the development of alloy steels, which are to be 
used in their heat-treated condition, the factors hardness 
and strength are of primary importance. These steels 
are designed to give maximum strength and maximum 
elongation at a maximum hardness. Steels of this 
character are not made for wear resistance purposes. 
In the development of hard-facing metals, the factor of 
most importance is the ability of the alloy to withstand 
severe abrasion or wear. The applications of hard-facing 
alloys vary so much that it is imperative to combine 
properties other than wear resistance in their make-up. 
Resistance to impact, resistance to heat, and resistance 
to corrosion are properties which are essential. The fact 
that a hard-facing alley is to be subjected to severe 
impact does not mean that it must be of softer variety. 

great deal of experimental work has been done 
tive to the question of hardness and its apparent 
wortance with regard to its effect on resistance to 
ision. Tests have been made both experimentally 
with components in practice. The results obtained 
these tests indicate quite conclusively that hard- 
ig materials which have a hardness value of Rockwell 
withstand wear and abrasion in ratio from 2 to 1, 


KR. Spence,in a paper presented before Oklahoma City Section, AWS. 
iblished in Welding Jour., March, 1943, 


to as high as 10 to 1 over the best quality heat-treated 
alloy steels having a hardness value as high as Rockwell 
C 65. 

Although it is generally recognised that the wear 
resistance of alloy steel increases with hardness, this 
does not hold good for this particular property with 
hard-facing alloys. While every attempt is made to 
maintain a constant hardness for various types of hard- 
facing products, the particular hardness of any one metal 
is controlled by its composition. In other words, the 
hardness of any hard-facing material is an indirect 
property, resulting from the attainment of the desirable 
amount of wear resistance in combination with other 
properties essential to the alloy for a particular applica- 
tion. The wear resistance of any alloy depends not only 
on the amount of alloying element or elements contained 
in the steel, but also on the particular kind of alloy which 
it contains. Alloy steels of the so-called mild type, 
with an aggregate of 3 to 6% alloying material, as well 
as high-speed and stainless steels containing as much as 
25 to 30%, alloying materials, have a certain definite 
amount of wear resistance as compared with ordinary 
mild steel, regardless of whether or not they are in the 
hardened condition. The wear resistance of these steels 
will increase by heat-treatment in approximately the 
same ratio as a good grade of carbon steel which has been 
subjected to heat-treatment. Heat-treatment of high 
carbon or alloy steels often raises the hardness from 
10 to 65 Rockwell C. The increase in weer resistance, 
due to the increase in hardness, in some cases may double 
the life of the part. Assuming the life of the part to be 
double when it has been heat-treated to give a hardness 
value of Rockwell C 65, it is possible by the use of a hard- 
facing material to increase the life of this heat-treated 
part several times. 

The real purpose of hard-facing metals is to retard 
wear. Consequently, in the selection of the proper type 
of hard-facing alloy for a particular application, the 
question should be, ** Which will wear the longest ¢”’ 
rather than, “‘ Which is the hardest /”’’ Taking into 
consideration other factors, such as keat, impact, 
corrosion, etc., the question of which one will wear the 
greatest length of time is naturally much more important 
than the hardness of the alloy used. If hardness were 
the deciding factor in facing metals, then it would only 
be necessary to obtain a steel which could be heat- 
treated. It would then be possible not only to secure 
the same hardness as is obtained by hard-facing, but 
to secure a hardness value in excess of hard-facing 
materials, Such practice, however, would only provide 
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additional hardness and not, to any appreciable extent, 
additional wear or abrasion resistance. 


One of the most common, but erroneous, ideas regard- 
ing hardness is the question of hardness in relation to the 
apparent ease or difficulty with which any particular 


alloy can be ground. In considering a grinding job on 
any piece of heat-treated or untreated steel, there are 
never any anticipated difficulties in which hardness 
could be considered as forming a part. Usually, it is 
comparatively easy to grind any type of heat-treated 
steel regardless of its Reckwell C hardness value. In 
the case of hard-facing materials, however, other factors 
must be considered. Serious complaints are frequently 
made regarding the inability of the machinist to grind 
the material without using much time and losing con- 
siderable grinding wheel. It should be remembered that 
hard-facing alloys have been developed to resist abrasiou 
to the maximum extent, and since grinding is one type 
of abrasion, it is obvious that if the hard-facing alloy 
is to resist the wearing action for which purpose it was 
intended, it will be difficult to grind. 

It is significant that the difficulty of grinding hard- 
facing alloys has little or no connection with their 
hardness, especially when that grinding is to form the 
basis of a comparison between heat-treated steel and a 
facing material. Of course, all hard-facing materials 
are hard to grind, but a heat-treated alloy steel of the 
same hardness, or considerably greater hardness, can 
be ground with comparative ease. Consider, for example, 
a shaft which has been hard-faced with a coated hard- 
facing rod to produce a Rockwell hardness value of C 56. 
It will be found that the average machinist in grinding 
this shaft will complain, not particularly because it is 
so difficult to grind, but rather because it is too hard to 
grind. This is entirely erroneous. Actually, the hard- 
facing alloy is not as hard as heat-treated high-speed 


steel, but since it was developed for the purpose of 


resisting the action of a grinding wheel or any other 
type of abrasion, it is to be expected that this alloy will 
be difficult to grind. — Inasmuch as the high-speed steel 
was not developed to resist the action of grinding, it is 
natural to suppose that it can be ground with com- 
parative ease. 
these two materials or the relative hardness of any hard- 
facing metal and any heat-treated or high-carbon alloy 
steel, it can be definitely stated that the hardness cannot 
be estimated with any degree of accuracy by the relative 
ease or difficulty with which these two types of material 
can be ground. It is possible to get a rough estimate 
as to the wearing properties of various hard-facing 
materials by a comparative grinding test which, however, 
will not indicate the actual or approximate hardness in 
comparison with the hardness of various alloys and heat- 
treated steels. All hard-facing materials have been 
designed to resist the action of grinding to a maximum 
degree comparable with other properties incorporated 
in the alloy which may be desirable for its intended use. 

It should be understood that hard-facing materials 
which are composed of tungsten carbide contained in 
steel tubes cannot be considered as homogeneous alloys. 
In the application of these welding rods the deposit 
is composed ot particles of tungsten carbide contained 
in a matrix of relatively soft metal. The abrasion 
resistance of these deposits depends entirely on the 
amount and distribution of the tungsten carbide particles. 
know, is usually compared 


Tungsten carbide, as we 


Regardless of the relative hardness of 
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with the diamond relative to its hardness. This 
undoubtedly due to the fact that this carbide has 4 
hardness which approaches that of the diamond. Hoy - 
ever, it appears that the actual hardness of this materi: | 
is used as a basis from which its great wear and abrasion 
resistance can be estimated. There can be no question 
as to the fact that tungsten carbide for hard-facing us: s 
is indeed the ultimate in wear resistance, but it is entirely 
within reason to think that the wear resistance of 
tungsten carbide is a function of its properties. In 
other words, the hardness of tungsten carbide is a con- 
tribution, but could not be considered as the sole reason 
of the outstanding resistance to abrasion which this 
material possesses. 

A very good example of the relationship of hardness 
to abrasion resistance is to be found in the application 
of the so-called tough type of tungsten carbide as com- 
pared with the regular 100°, tungsten carbide alloy. 
The toughness of the tough carbide is imparted by the 
addition of small amounts of alloy, usually cobalt. The 
addition of this metal to the carbide has a pronounced 
effect upon the hardness of the product, making this type 
of alloy softer than regular tungsten carbide. While 
this alloy is softer and has a tendency to round off in 
practice, the actual wear resistance of this material is 
comparable with that of the harder type of carbide. 
This, however, applies only to the application of this 
material as a wear-retarding medium. By far the greatest 
use of these alloys is for earth-cutting implements, 
particularly relating to the oil-well drilling industry. 
For this type of work it is necessary to have the harder 
type of alloy available in order that the greatest cutting 
efficiency be maintained through the application of an 
extremely hard and relatively brittle metal. For this 
reason it is desirable to apply this metal in such a 
manner that the use of the implement will afford an 
opportunity for the carbide to break off ; thus exposing 
new and sharp edges and points for the cutting action of 
the implement or bit. The use of the tough type carbide 
defeats the very purpose for which a carbide-faced bit or 
implement has become famous ;_ this material does not 
break off readily, instead it wears to a rounded, blunt 
end and relies entirely on its ability to resist wear 
for its cutting action. This situation is very similar in 
nature to the one of hardness in relation to hard-facing 
alloys. When an alloy is required to retard wear to a 
maximum degree a particular alloy is used, regardless 
of its hardness. The same applies to earth-cutting tools. 
When a facing is required that will cut, the alloy used 
is that which will do the most cutting in the least time 
with the least effort and power. 

So far as the question of hardness versus wear resist- 
ance is concerned, this subject deals with hard-facing 
materials which are of the homogeneous type only. In the 
choice of the correct hard-facing materials for any 
application it becomes necessary to consider all the 
various factors which have a bearing on the problem, 
such as impact, heat, corrosion, ete., and to select the 
hard-facing rod that will have the desirable properties 
in sufficient amount to meet these secondary conditions 
and be assured that the hard-facing material will deliver 
the maximum resistance to wear consistent with te 
varicus other properties desirable. It may be definit« ly 
stated that with the choice of the proper facing material 
for any application, the question of hardness of the 
facing alloy may he entirely ignored, 
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Graphite and Some of its 
Applications 


By L. Sanderson 


Graphite, either naturally or artificially produced, has so many industrial applications 


that a brief historical account is of interest. 
artificial graphite, on the other hand, production of 


distributed, but its quality varies ; 


In its natural form this mineral is widely 


which commenced in 1899, is uniform by comparison. 


RAPHITE gets its name from a Greek word 

meaning “ to write ’ (grafeit), but the name was 

not given to it by the Greeks, but by A. G. 
Werner in 1789, when the mineral was used for making 
pencils. It was known long before that date, of course, 
and was called, as most of us know, plumbago or black- 
lead. It may be that in the ancient days people really 
did believe that graphite contained some lead, since the 
“ plumbago”” comes from the Latin word 
*plumbum,” meaning “lead,” but actually even the 
use of the term “* plumbago ” for graphite was the result 
of a muddle. The original plumbago was a commodity 
manufactured deliberately from lead ore (galena) ; then 
galena itself began for some obscure reason to be called 
plumbago. Later still, galena and graphite and molyb- 
denite got mixed up one with another, and the name 
plumbago was wrongly given to all of them at one time 
or another. It stuck to graphite until, in 1779, Scheele 
proved what graphite was from the chemist’s point of 


hame 


view. 

In itself, the mineral is black, shiny, and usually 
sufficiently soft to produce black marks upon paper. 
Its specific gravity is 2- 1-2-3, and in essence it is a form 
of carbon crystallised in the rhombohedral system. It is 
a good conductor of electricity, is opaque, and offers 
great resistance to attack by acid or heat, being incapable 
of combustion in air at temperatures below approxi- 
mately 700°C. Its thermal conductivity is good, but 
its elasticity is nil. In fact, the term elastic can only be 
applied to it by courtesy on the grounds that graphite 
flakes are bendable, an extremely loose and unjustifiable 
the term “elastic,” which has, however, been 
encountered. 

Although it is legitimately classed as a crystalline 
substance, it should be noted that the crystals never 
occur in a clearly developed form, but as imperfect six- 
plates and scales. Another peculiarity is the greasy 
feel of the substance, and its facile adhesion to the 
surfaces with which it comes into contact. 

The widespread industrial uses of graphite make its 
distribution important. It is found in many different 
parts of the world. As a rule, it occurs in metamorphic 
rocks. cither in veins, irregular pockets and lenticles, or 
disser, inated in the native rocks of a district. Character- 
istic rock sources are gneisses, schists, crystalline lime- 
stones and pegmatites. In some districts it is found in 
vhereas elsewhere it lies in beds. It has, moreover, 
und as a product of contact metamorphism in 
ceous clay-slates near their contact with granite, 
ere igneous rocks have thrust themselves into 
In such instances it is apparent that the 
| owes its origin to organic matter, which cannot 
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be true of that found in the igneous rocks and the 
meteoric irons. 

The form in which the mineral is discovered greatly 
influences its market price. The principal commercial 
forms are the massive-crystalline, the flake, and the 
‘* amorphous ”—i.e., that form in which the particles are 
so small as to produce a close and non-crystalline aspect 
of the bulk. Of these, the first is the most valuable. 

In assessing the standard of value for graphite, there 
are various factors to be considered—e.g., (a) percentage 
of carbon in the dressed mineral; (6) bardness: (ce) 
crushing power required for its reduction ; (d) percentage 
and type of impurities. (b) and (c) are important because 
where the graphite is very hard and takes a greet deal of 
crushing power, the size of the flakes in the final product 
may be too small, which reduces the value ; (d) is also 
important, because some impurities, such as mica, are 
by no means easy to separate out. 

Most people associate graphite with the writing pencil, 
but this is by no means its only industrial use. Further- 
more, the various qualities and types of graphite are not 
interchangeable as regards purpose, in the sense that 
any one can be employed for each and every purpose. 
To produce some of the most expensive pencils, as many 
as three different grades of graphite from three different 
sources may have to be blended. Such pencil-producing 
graphites are probably valueless for the production of a 
type of graphite suitable for lubricating purposes, besides 
which their high cost would put them out of court. The 
form of the silica present represents the distinction 
between the two grades. In the pencil graphites it 
occurs as a hard abrasive quartz, whereas in the lubricat- 
ing graphites it is a constituent of soft tale or mica. 
Again, any form of graphite containing sulphur cannot 
safely be employed for the manufacture of the graphite 
crucibles used in metallurgical practice, while the graphite 
for this work must be free from any impurity liable to 
melt readily at high temperatures. 

There are no specially novel practices associated with 
the mining of the mineral. In some districts it is reached 
by means of shafts and drifts followed for several 
hundred feet from the surface. Quite an appreciable 
number of beds are, however, mined open-cast. There 
are wide variations in the methods of dealing with the 
rough mineral, these being more refined in proportion 
as the labour available is of higher grade. As mined, 
the graphite seldom contains more than 20-50%, of 
graphite, so that the first requirement is a preliminary 
crushing, followed by flotation in water, the graphite 
floating off from the heavier impurities. 

The three minor forms in which graphiteis commercially 
marketed have already been given, but still finer 
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classifications are made for selling puaposes—for example, 
Ceylon graphite is marketed as lump, chip and dust, of 
each of which there are two qualities. Still more expen- 
sive is the highly refined grade called needle-lump. Flake 
graphite is classified by percentage of impurities and 
dimensions of the single flakes, the larger the flake, the 
higher the quality and consequently the price. Amor- 
phous graphite depends for its value on its source, but 
the Mexican quality appears to be regarded as the 
highest in this sphere. 

The principal industrial use for graphite is not the lead 
pencil, but the graphite crucible already mentioned, and 
for these Ceylon graphite is still regarded as the best, 
but a quality from Madagascar has also been found 
satisfactory, though less so than that from Ceylon. The 
reason is that the latter needs a smaller amount of clay 
for bonding purposes and is higher in strength. Other 
industrial uses for the mineral in approximate order of 
importance are foundry mould facings, lubricants, 
pencils and paints, stove polish, and a small number of 
miscellaneous uses. Practically half the world’s graphite 
is used for crucibles, and about a quarter for foundry 
facings. Pencils and paints account for only about 5°, 
of the total consumption. The flake graphite is used 
for crucibles only, the lower qualities being adequate 
for the other purposes. Of the minor uses, mention may 
be made of fillings in dry electric batteries, motor brushes, 
boiler-scale preventives. 

Before we pass to the principal sources of the mineral, 
mention must be made of artificial graphite, which is 
principally used for the electrodes of electric furnaces. 
This has an interesting history. It had been known for a 
long time that carbon, when subjected to high tempera- 
tures, underwent a change in form that made it bear a 
close resemblance to graphite. In 1893, Girard and 
Street brought out a patent embodying designs for a 
furnace and a method of achieving this change. They 
ground carbon down to powder form, compressed it into 
stick or rod form and slowly caused it to pass through a 
tube in which one or a plurality of electric ares was 
brought to bear upon it. 

Three years later, Acheson applied his carborundum 
process to the production of graphite, and in 1899, using 
electricity from Niagara Falls, began operations. Two 
methods are now used: (a) graphitisation of moulded 
(>) graphitisation of anthracite en masse. The 
lamp carbons, ete. 


carbons ; 
(a) method includes 
Coke, or another form of amorphous carbon, is mixed 
with a little tar, and the desired product moulded in a 
press or by a die. The articles are transversely stacked 
in a furnace, each being packed in granular coke and 
covered with carborundum. To begin with, the current 
is 3,000 amps, at 220 volts., but this rises to 9,000 amps. 
at 20 volts. after 20 hours. 

In (b) large pieces of anthracite are treated in the 
electric furnace. A soft, unctuous form is produced 
when the carbon is treated with ash or silica in special 
furnaces, and this produces the flocculent type when 
treated with gallo-tannoe acid. These two modifications 
form useful lubricants. The massive graphite is readily 
machinable and is largely employed for electrodes, 
dynamo brushes, pencils, ete. 

Since the beginning of the war, statistics of production 
have not been easy to come by, and it is inevitable that 
there will have been changes due to the pressure of war 
demand. In 1938, the largest producer was Soviet 
Russia with an output of 82,700, with Korea a close 
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second, with a gross output of nearly 50,000 t 
Incidentally, in 1939 the Korean output rose to a gr 
figure of 77,260 tons, a fact that might have given ca 
for thought had it been the practice of politicians 
draw deductions from trade statistics. 

Third in the rank of producers came Germany, with 
23,172 tons, followed by Austria with 17,871 (these 
figures, like the German, relate to the year 19:7). 
Madagascar produced a gross figure of 14,316 tons: 
Ceylon in 1938 produced 11,783 tons, in 1939, 22.456 
tons, and in 1940, 24,028 tons, which rising production 
undoubtedly represents the effect of the war. Mexico 
had a fair output with 9,459 tons in 1938, rising to 
12,138 tons in 1940, but falling again to 10,346 tons 
in 1941. 

Other sources of the mineral in order of importance 
are: Italy (5,396), Czecho-Slovakia (5,063), Norway 
(3,781), Canada (1,150), and the United States (880, 
rising in 1940 to 1,458). The principal importers in 1938 
were the United States and the United Kingdom. The 
American import figures have risen steadily, until in 
1940 they reached the figure of 28,151 tons. 

Though graphite is found in many places in Canada, 
only the Quebee and Ontario are worked min¢s to any 
great extent to-day (i.e.,up to the outbreak of war). It is 
probable that, as in the last war, there will be a con- 
siderable rise in output to meet military demands, but 
whether this production will continue, or will, as pre- 
viously, decline with the return of peace, it is not easy 
to say. There is a distinct probability that when the 
war ends most countries will possess large stocks which 
will not be liquidated at anything like the same rate. 
Thus, a decline in production appears almost inevitable, 
but so long as this is confined to those mines whose 
production is only profitable when prices are inflated by 
war demands, the economic result may not be particularly 
adverse. 





Graphite-Rod Melting Furnaces* 

drum 
furnaces with one or two heating rods, or hearth furnaces 
with three rods, which are heated by low-voltage 
alternating current and transmit their heat practically 
only by radiation to the charge and the furnace walls. 


GRAPHITE rod-melting furnaces are usually 


The heating rods consist of electrographite with a 
specific resistance of 8-12 ohm. per min. per sq. mm., 
and require, according to dimensions, 20 to 75 volt 
maximum with up to 6,000 amp. (300 amp. per sq. ¢m.): 
the radiated energy is about 100 watt per sq. cm. surface 
at a temperature of 2,500° C. (4,530° F.). The enersy 
consumption is made up as follows :— 

10) 
10" 


O60 


AB 


Capacity in kile gs 
Energy in kilowatts for melting . 
Energy in kilowatts for finishing 
Steel, type ones eee 
otal energy in kilowatt/ hour per ton, 

6s0o—7Z0 Se) -00 6s0—7Z0 son 


Type A steel is high alloy steel with 0-7 to 2-0°, ©, 
4 to 20°, Cr, 4 to 12° W, and 5 to 35% Co. Type Bis 
a medium alloy steel with 0-2 to 0-6°, C. An investiga- 
tion of the economy of the 1-ton hearth furnace showed 
that it is practically the same as that of the coreless 
induction furnace. The drum-type furnace is more 
advantageous than the hearth type with regard to 
charging and energy cost. 


Hinig, Stahl a, Eisen, vol, 62, Jan, 1, 142. pp 
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Future Possibilities of Diesel Railway 


Locomotives 
Weight Saving by Use of Aluminium Alloys 


Advantages are established, both in performance and in economies of operation, that 


will be gained by a reduction in locomotive weight. 


Weight saving improves all its 


operating characteristics, except the advantage of high tractive effort at starts and 


at speeds up to about 20 m.p.h. 


It is concluded that the locomotive of the future should 


be designed to use all the available weight- and space-saving methods that can be conceived. 


HE Diesel locomotive is a comparatively new type 
of motive power, and the developments asso- 
ciated with it during the last few years have been 

quickly standardised in the United States and applied 
for both shunting and main-line haulage. This 
standardisation has recognised the flexibility which 
may be built into this type of power and the desirability 
of keeping down axle loads to suit general conditions. 
The immediate problem of the railways to-day is to 
obtain power to meet the ever-increasing ton-miles 
offered for transportation, and wherever power is 
available must be employed for this purpose, but the 
future possibilities of Diesel locomotives are engaging the 


attention of many railway engineers, and the views of 


P. B. Jackson provide an important contribution to the 
subject. 

In all the services to which the Diesel locomotive 
may be applied, it uses a minimum of material for the 
work required and lends itself to maximum availability 
under adverse circumstances of fuel and other supplies, 
but in discussing its future possibilities Mr. Jackson 
had in view two major objectives: to establish the 
advantages, both in performance and economies of 
operation, that will be gained by a reduction in locomo- 
tive weight ; and to suggest ways and means of accom- 
plishing this weight-saving. Economies in operation can 
be seriously and adversely affected by any sacrifice in 
reliability, or by excessively high maintenance costs. 
Because of this, no radical or untried engineering is 
proposed. 

Many developments in Diesel engineering have been 
made in the past few years that have contributed to 
more compact and lighter engine design. Engines of 
l0 lb. per horse-power are available at conservative 
rating, and are as long-lived and reliable as their earlier 
predecessors. Three major developments are responsible, 
each, contributing to greater compactness and lighter 

‘it. These developments include the practicability 
nall cylinder sizes, resulting from advances in 
on equipment ; supercharging, allowing for higher 
ngine rating; and materials relatively new in 
| engine construction are discussed. 
0 hypothetical locomotives are considered, one of 
ird design and the other in which weight has been 
by the use of aluminium. !n addition to the 
‘its of the various equipment, maximum speed on 
vel and on gradients are estimated as well as the 


rot the Amer, Suc, 


34-338, 


first costs of the two locomotives, some of the character- 
isties of which are reproduced in Table I. 


TABLE 1, 


DIESEL LOCOMOTIV Es, 

Weight 
Saved, 
Lb. 


275.000 


CHARACTERISTICS Ol ROAD 


Loccemotive Lecomotive 
A 


otive, Ib. . 


ccomotve 


Weight of locon 
Horse-power 0 

Number of axles ..... 

Weight per Se errr rh 

Number of engine cylinders . 

Weight of Diesel engines, Ib, .......... 
Weight of Diesel engines, Ib. per h.p.... 33 
Weight of electrical equipment, Ib. ..... 190,000 
Weight cf electrical equipment, lb, per h.p. 31-7 
Weight cf mechanical zquipment, lb. .... 600,000 
Weight of mechanical equipment, Ib, per 


.. LWworl2 - 
198,000 .. 52,5 145,500 


166,000 24,000 


540,51 ” 59.500 

10O 4. 102°75§ .. 
17,000 11,000 6.000 
26,000 


BK cece ensnwe wees aye 
We ight of lubricating oil, fuel, and water, Ib. 
Weight saved by eliminating one four-wheel truck 
Weight saved by use of aluminium tanks for oil, fuel, and water 
Weight saved by use of aluminium for locomotive cab 
Weight saved by uce of aluminium in Diesel engine 34,125 
rotal weight saved by use of aluminium ... -- 48,195 

£ This increase is to make allowance for parts which are common to both 

locometives and cannet be reduced in weight on the basis of horse- power, such 
as car-heating equipment and controls, 


S750 


Loco. A plus Loeo, B plus 
15—66-ton 
Cars, 
M.p.h, 
Maximum speed, 97-5 
Maximum speed, 
Maxim: speed, 1%, 
Fuel cil saved per year 
Lubricating oil saved per year 


level track ; 
5%, grade .. sevebee it os 67 
grade . . Tre { ee 17 
145,000 gal, 
902 gal, Locomotive Locomotive 
$525.00 
19.250 


Cost of lecemotive at $100 per h.p. $600,000 


Cost of saving 48,125 1b, at 40 cents per Ib, 


$600,000 $514,250 


The weight of the standard locomotive A is taken as 
1,035,000 Ib., and that of the light-weight locomotive B 
as 760,000 lb., a weight-saving of 275,000 lb. Of this 
48,125 lb. are saved by replacing with aluminium the 
materials now used. The horse-power of the two locomo- 
tives are 6,000 for A and 5,250 for B. In estimating the 
costs, it is assumed that the cost of locomotive A bears 
a definite relation to its horse-power, and that locomotive 
B costs will be in close agreement, except where materials 
used to reduce weight cost more than the materials 
replaced. Therefore, at a cost of 40 cents per lb. saved, 
a very conservative figure, the weight reduction would 
add 19,200 dollars to the cost of the B locomotive. 
The total cost of locomotive A is 600,000 dollars—about 
10% higher than that of locomotive B, which costs 
544,250 dollars. 

If this analysis is based on sound fact and reasoning, 
the economie advantages of the proposed locomotive is 
established. It is shown that weight-saving in the 
locomotive improves all of its operating characteristics, 
except the advantage of high tractive at starting and at 
speeds up to about 20 m.p.h. The conclusion reached, 





ISS 


however, is that the locomotive of the future should be 
designed to use all the available weight- and space-saving 
methods that can be conceived. If it results in such light 
weight that starting tractive efforts are insufficient for 
satisfactory train performance, ballast at a low cost 
per ton will always be available. 

As regards ways and means of saving weight, the 
yvreatest single weight-saving can be made in the engine, 
and can be accomplished by reduction in bore, increased 
rating, and by the use of light materials of construction. 
Of the components of a Diesel crankshafts, 
camshafts, valves and cylinder liners are the major 
items which cannot be made in aluminium. These 
parts, as well as other miscellaneous parts in the same 
category, however, account for about 25°, of the weight 
of an engine built of cast iron or The cylinder 
block, crankease, oil-pan, cylinder heads, pistons, gears, 
gear covers, supercharger housing, manifolds, fuel-pump 
housing, pumps, governor housings, fuel filters, and air 
filters make up the other 75°, of the weight. They can 
be, and have all been, successively made in some suitable 
aluminium alloy. Weight-savings from 30 to 70°, can 
be made, depending upon the functions and design 
characteristics of the particular part. Much experience 
has shown that an average saving of 50°, can be made 
safely and without compromise to sound design practice. 
The net on the total engine weight would be a 
reduction of 374°, 


engine, 


steel. 


result 


The engines for locomotive B, built of the same 
materials as engines in the A locomotive and with the 
same piston speed and mean effective pressure, weigh 
16-5 lb. per Built in aluminium, their 
weight would be 10-3 1b. per horse-power. This weight 
so closely approaches the requirement for engine weight 
set up in Table | as to justify its use. The use of alu- 
minium for the parts proposed is fully justified by 


horse-power 


operating experience in other applications. 

As indicated in 
40,000 Ib. can be saved in parts other than engines. 
\ large part of this weight-saving can be made by 
reducing the of axles under the locomotive 
with no increase in load per axle. Locomotive A was 
built with I8 axles with a load of 57,500 1b. per axle. 
Locomotive B, because of its reduced weight, could have 
14 axles loaded to 54,250 Ib. per axle. Two of the four 
axles eliminated are included in the saving listed against 
the item “ weight saved in mechanical equipment.” 
The other two axles eliminated are listed on line 13 
‘weight saved by eliminating one four-wheel 
truck.” The weight is 26,000 lb., which is the estimated 
weight of this assembly less traction motors. 

Oil, fuel and engine-cooling water tenks, when made 
of steel, weigh about 2 lb. per gallon. Aluminium tanks 
weighing | lb. per gallon bave given satisfactory rervice 
in railway operation Diesel rail locomotives provide 
tanks for these supplies with a combined capacity of 
1 gal. per engine horse-power. By making the tanks in 
aluminium, gallon could be saved, or a total 
of 5,250 Ib. for the B locomotive. The aluminium sheet, 
structural shapes and platform used on the Pennsylvania 
P5-A locomotives saved 32,000 lb. per locomotive. A 
similar application could be made on locomotive B, and 
would more tian meet the requirement for 8,750 Ib. 
remaining 

Another procuctive source of weight-saving could be 
realised by so arranging the Diesel engines and generators 
to take advantage of the reduced engine-space require- 


number 


against 


i tb per 
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ments of small-bore engines. If full advantage cou! | 
be taken of this space-saving, the engine compartmei.t 
could be made one-half the length needed for the larce 
engine installation. This might easily result in savin,s 
of an additional 100,000 Ib. to 125,000 Ib. not included 
in the original comparison. The improvement in per- 
formance resulting from such a saving should be an 
incentive for a careful analysis and vigorous attempt io 
accomplish this result. 

No analysis has been made of the possibilities of 
saving weight in the electrical equipment, air-brake 
equipment, trucks and axles, and the locomotive frame. 
Unquestionably, the use of aluminium alloys as well as 
other material developments and design improvements 
would produce weight-saving in those parts. Sufficient 
has been given, however, to establish the advantages, 
both in performance and in economies of operation, 
that will be gained by a reduction in locomotive weight. 


Rolling of Copper 


THE complete strain distribution in rolled bars has been 
studied by MacGregor and Coffin.* The work consisted 
in rolling copper bars with a varying number of passes 
in different directions at a 20°, reduction per pass. 
Previous studies published have been made on bars 
rolled in one direction only. The strain patterns were 
made visible by coating the bars with a brittle lacquer. 

The tests established the fact that alternate passes in 
different directions produce much less distorted networks, 
as compared to the cases of rolling in the same direction 
for each pass. Tensile elastic strains exist ahead of the 
rolls. Some numerical values are given derived from 
such tests. 

A comparison of lateral compression tests and the 
rolling experiments demonstrate the presence of similarly 
directed elastic tensile strains in both cases for some 
distance from the centre lines of the rolls. The network 
shows that the shearing strains were always the greatest 
in the outside fibres of the bars when they were rolled in 
the same direction with a number of reductions. 

On the other hand, the shearing strains were yreatest 
inside the bar when rollirg took place in alternately 
opposed directions. The sequerce of the rolling operations 
does rot affect appreciably the magnitudes of the axial, 
vertical or lateral normal strains, but affects in a very 
marked manner the shearing strains and the shape of 
the profiles of the vertical lines marked on the bar. 

The alternately opposed directions of rolling produce a 
much less distorted network with very much smaller 
shearing strains than does the rolling of the bar in one 
direction only during the various passes. Formulas to 
calculate the strains from the network are given. Six 
references of literature related t> the subject are included. 


North-East Coast Institution of Engineers 
and Shipbuilders 


4 
Rear-Admiral Emory 8. Laud, chairman of the United 


States Maritime Commission, has been elected an 
Honorary Fellow of the above Institution in recognition 
and admuration of his outstanding achievements in ship 
construction during the war. Rear-Admiral Laud was 
already a member of this Institution. 


C. W. MacGregor and I offin, Junr., . 


r., 1943, pp. A13-A20 
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Properties of the 


Products of Powder Metallurgy 


With the gradually increasing application of the products of powder metallurgy there is a 


growing need for knowledge on the 


mechanical properties 


which can be obtained con- 


sistently in large-scale production, so that standards can be set up to safeguard both 


In this article, 
directed to some 


and 
attention is 


manufacturer 
powde T, 
specifications, 


user. 


which 
of the difficulties encountered in preparing 
and practical suggestions are made for setting up detailed specifications 


is concerned with the products of iron 


likely to ensure the quality and uniformity of production. 


‘HE products of powder metallurgy can be roughly 
divided into two classes: those which cannot or 
are not easily made by any other method, such as 

refractory metal wire and sheet, cemented carbide tools, 
self-lubricating electrical contact materials, 
etc.:; and those products which can be made by con- 
ventional methods as well as by powder metallurgy 
methods. Those products which are manufactured 
from iron powder come within the latter class and 


bearings, 
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Fig. 1. Relation of mechanical properties to density for 
test-pieces formed from hydrogen-reduced iron powder 
and sintered 3 hours at 2,0006° F. 


therefore compete with products machined from steel 
bar stock, steel forgings, or steel or iron castings. Many 
claims have been made regarding the mechanical pro- 
pertics of products from iron powder, and the views of 
Lenei* on what mechanical properties can be obtained 
consistently in large-scale production provides a note- 
worthy contribution to the subject. 

In powder metallurgy, the size and shape of the pro- 
duct has a direct bearing on its mechanical properties. 
The ‘cnsile strength, ductility, hardness, impact strength, 

f a finished preduct machined from bar stock are 
assured to be the same as those of the stock from which 
the }.ece was made. In castings, cast-on test-pieces can 


n Engineering Division, 
, and put 
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be used to determine representative values for the 
mechanicai properties of castings, although the influence 
of sectional thickness may have to be taken into con- 
sideration. In powder metallurgy products, the effect 
of size and shape of the finished product upon its 
mechanical properties is more accentuated. 

Metal powder products are made by briquetting metal 
powders in steel dies and sintering the briquetted shapes 
in controlled atmosphere furnaces. After sintering, the 
products may be further processed by a sizing operation 
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Fig. 2.—-Relation of density to compaciing pressure for 
test-pieces formed from hydrogen-reduced iron powder 
and sintered 3 hours at 2,000° F. 


or by sizing and subsequent sintering. Generally, it can 
be assumed that the mechanical properties of the finished 
pieces depend upon four factors : 

1. Composition of the powder mixture. 

2. Grade of powder used. 

3. Temperature, length of time, and atmosphere of the 
sintering and resintering operations. 

4. Density, resulting from briquetting, sintering, and 

sizing operations. 

The first three of these factors correspond to chemical 
composition, purity and heat-treatment in cast and 
wrought materials, but the fourth factor is peculiar to 
metal-powder products. The density is also different 
from the other factors, because it depends not only on 
the processing of the product, but also upon its size and 
shape. This correlation between density, processing 
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conditions, size and shape of the product, and mechanical 
properties may be treated under the following headings : 

1. How the mechanical properties depend upon the 

density of the product. 

2. How the density depends upon the processing steps. 

3. How the density depends upon the size and shape 

of the product. 

1. How the size and shape of the product influence its 

processing. 

1. The tensile strength, impact strength and hardness, 
as well as the ductility, of the metal-powder product 
will increase with increasing density of the product, if 
the same powder mixture, quality of powder, and 
sintering treatment are used. This point is illustrated 
by Fig. 1, which gives tensile strength, yield-point, 
elongation in lin., and hardness for a number of test 
specimens made from a grade of hydrogen-reduced iron 
powder and sintered 3 hours in partially combusted 
natural gas at a temperature of 2,000° F., but having 
different densities. 

2. The density of a metal powder product will depend 
to a certain extent upon the powder mixture, the quality 
of the powder, and the heat-treatment of the product, 
but the most important factor influencing the density 
—" 
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if pressed from only one end, they will be dens: 
at one end than at the other (Fig. 4). 

Pieces which have a non-uniform section in the dir« 
tion of pressing (e.g., flanged pieces) may either be mac 
with single punches or with multiple punches slidin, 
relative to each other. If the piece is made with sing 
punches the density will be higher in the short sectio. 
than in the long section, because of the difference in the 
rate of compression of the powder. For some applic 
tions this difference in density and the corresponding 
difference in strength, ductility, and hardness is _per- 
missible ; for other pieces multiple punches are necessary 
to make the density throughout the section as even as 
possible (Fig. 5). 

4. As explained, a high density may be obtained by 
using high compacting and sizing pressures. However, 
these pressures are limited by the pressure which the 
compacting and sizing dies will stand without rapid 
failure by fatigue or wear. The permissible sizing 
pressure and, to a lesser extent, the permissible com- 
pacting pressure will also depend upon the shape of the 
piece and the design of the die. A punch having a thin 
web-like section will not stand as high a pressure per 
square inch as a solid heavy section. For large pieces, 
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B A Fig. 5. Sketch illustrating uneven density 
: distribution in a piece of non-uniform 
Fig. 3.—_-Sketch illustrating lower Fig. 4.Sketch illustrating un- section when compressed with a single 


density of long slender piece A 
compared with short, wide 
piece B. 


pressed from both 


will be the pressure used to compact the powder into a 
sizing in cold- 
it has been sintered. <A piece 
shape will be the denser the 


coherent piece, and the used 
forging the product after 
having a given size and 
higher the briquetting pressure and the higher the sizing 
Fig. 2 shows the correlation between com- 


pressure 


pressure, 
pacting pressure and density for the same set of speci- 
Fig. 1. 

3. The density of pieces having different shapes and 
dimensions will be different even if the same compacting 
and sizing pressures are used. These differences are due 
to the fact that most metal-powder products are 
briquetted only along one axis. Therefore the friction 
between the die and the powder will influence the density 
in two ways: 

(a) With a given briquetting and sizing pressure, 
pieces which are long and slender in the direction of 
pressing will be less dense than pieces which are 
short and thick (Fig. 3). 

(b) Pieces whose ratio of length (dimension in the 
direction of pressing) to width (dimension per- 
pendicular to direction of pressing) is large (in 
general greater than 2) will have an uneven density 
over their length. If pressed from both ends they 
will be denser at the ends than in the middle, and 


mens as shown in 


even density distribution in piece 


from one end B. 


punch A, compared with the even density 
distribution in the same _ piece when 
compressed with multiple punches B. 


ends A and 


the capacities of the available compacting and sizing 
equipment may also be limiting factors. The density 
which can be obtained in complicated pieces will, there- 
fore, not be as high as it is in standard test-pieces. In 
some cases the lower mechanical properties, due to this 
lower density, may be compensated by a change in the 
grade of powder or the sintering conditions, but such 
changes will also affect the cost. 
Three Classes of Metal Powder Products 

The foregoing indicates the difficulties encountered 
in setting up specifications for tensile strength, ductility, 
to determined on specially compacted test 
specimens. The properties of such specimens would not 
be representative of the properties of a complicated 
compacted piece, even if the same pressure and sintering 
conditions were used. Neither is it usually practical to 
cut tensile or impact specimens from the metal products 
themselves. It is suggested, therefore, that the only 
specifications for iron parts, which concern actual figures, 
are those for chemical composition and density. In order 
to grade parts made from iron powder, according to thei! 
properties, they may be divided into three types :- 

Type A.—Materials having mechanical properties 
similar to ordinary cast iron suitable for applications 
where the stresses are very low. 
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i'ype B.—Materials similar to type A, having improved 
tensile strength, a definite yield-point, and a noticeable 
elongation. 


l'ype C.—Materials having mechanical properties 
approaching ordinary malleable iron, suitable for 
application where stresses, including impact, are 


moderate. 

There would be no sharp lines of demarcation between 
these various types, and the division into the three types 
would be for the convenience of the user rather than for 
any fundamental reasons. The grade of powder used, 
the compacting and the sizing pressures, the time and 
temperature of heat-treatment would determine in what 
class a particular product would fall, changes in one or 
more of these factors possibly shifting a product from 
one class to another. The three types would be identified 
by their specifications for chemical composition and for 
density, as suggested in Table I. The table shows that 
for parts with better physical properties—namely, higher 


TABLE 1, 
CHEMICAL AND DENSITY REQUIREMENTS. 
Potal Carbon, Petal Lron, Density, 
rype. Mo os g. per e.c, 
Se »» 2°S:Max.) .. 95 (Min.) 5-4 (Min.) 
IB oosee O°4(Max.) .. 97°5(Min.) 5-8 ( Min.) 
( . O-+2 (Max,) o8 +5 ( Min.) 6-5 (Min.) 


strength and ductility, an impure product with low 
density would not be suitable. The purity rises from 
95°,, minimum iron to 98°, minimum iron ; the density 
from 5-4 g. per c.c. minimum to 6-5 g. per ¢.c. minimum. 
Type A would include parts which contain up to 24% 
carbon. The carbon may be added to the powder mixture 
in the form of graphite and would combine with the iron 
during the sintering operation. Such carbon-containing 
iron-powder products are harder and stronger than 
straight iron products, but they are also more brittle. 


Strength Tests for Individual Parts 
A general specification must necessarily be broad, 
hence detailed specifications will be necessary for 
individual parts. They should be set up after per- 
formance tests on the parts have shown that they are 
satisfactory for the application. The detail specification 
should furnish a check on the uniformity of the pro- 
duction and, whenever possible, on the performance 

characteristics of the tested product, such as :— 

1. Crushing, radial or shear strength. 

2. Bending or impact drop test. 

3. Hardness at one or more specified points of the 
pieces, or hardness variation over the entire 
piece. 

Statue strength tests would be suitable for pieces 


wh no particular impact resistance is needed—for 
inst-nee, oil-pump gears may be so tested. The gear is 


hel in a fixture and the load required to break off one 
of te teeth is determined. Hollow cylindrical pieces 
may he tested by radial break test ; the piece is crushed 
bet» -en two flat plates, and the load is measured when 
fail occurs. 

en a certain amount of shock resistance is required 


ima iece, a bending or an impact test should be devised. 
Te have shown that impact strength and ductility 
in p vder metallurgy products parallel each other. In 
oul words, a material which does not show any 
elo | ‘tion in a tensile test, or no bending in a bend test, 
will uly be quite shock-sensitive. On the other hand, 
&ma rial which has a fair amount of ductility will not 
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break so easily under a sudden blow. Fig. 6 shows such 
a piece where shock resistance is required, and the testing 
fixture designed to test the piece. The piece is clamped 
in such a way that one side of the slot is flush with the 
edge of the vice, with slightly more than one-half of the 
piece projecting from the vice. The specification would 
read that a specified weight dropped from a specified 
height should not fracture the piece, and that the same 
weight dropped from some lower height should not cause 
a crack in the piece. 

Another example of a component which requires to 
possess a certain degree of resistance to shock is shown 
in Fig. 7. This component is formed with the long 
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Fig. 6.— Component which may be made in metal powder 
and a fixture designed to test its shock resistance. 


section in the direction of pressing, pressure being 
applied from both top and bottom. As previously 
mentioned, this component will show differences in 
density over its long section. The lowest density and, 
therefore, the lowest strength and ductility will be in the 
middle of the long section. The test fixture is designed 
to enable the piece to be bent to a specified degree at its 
weakest point, the idea being that if the piece does not 
fracture at this point it will be satisfactory throughout. 
Simultaneously, the point where the flange-like section 
and long section join is tested by bending the flange-like 
section. This gives a good indication of resistance to 
shock to which this piece is subject in service. 

Both the strength tests and the tests for shock 
resistance described are destructive tests, and therefore 
only representative tests can be made as a check on 
production. In many applications, however, no non- 
destructive test would be satisfactory. 


Hardness Testing 


A hardness test of the indentation type would be 
such a non-destructive test. Indentation hardness test, 
like Brinell or Rockwell, are very convenient, and may 
be quite useful for powder-metallurgy products, but it 
is necessary that whoever specifies and applies the test 
understand the mechanism of an indentation test on 
porous material. The resistance to indentation, which is 
measured, is a function not only of the chemical com- 
position, but also of its density. The lower the density, 
or, in other words, the less material there is to resist the 
deformation, the further will the indenter sink into the 
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material and the lower will be the reading. Two pieces 
which show identical hardness readings may therefore 
have entirely different properties. One may be low in 
combined carbon but high in density, and therefore quite 
ductile and shock-resistant. The other may have a high 
combined carbon content but a low density and would, 
therefore, be quite brittle and shock sensitive. 

The influence of density on the indentation-hardness 
reading must considered when the abrasion 
resistance of a material is to be evaluated. The abrasion 
resistance depends much more upon the microstructure 
For instance, a 


also be 


of the material than upon its density. 
piece made of iron powder and containing sufficient 
combined carbon may be heat-treated and may then 
be fully martensitic. Such a piece will be file-hard, but 
the hardness reading on the Rockwell C scale may be 








Fis. 7.—¢ 
and « 


wmponent which may te made in meial powder 
fixture designed to test its ductility. 

only 30. The peculiarities of the indentation hardness 

test on powder metallufgy products should alway be 

kept in mind, and particularly so when the hardness of a 

product made from powder is compared with the hard- 

ness of a product made in the conventional way. 

For the reasons just outlined, the tensile properties 
of products made from powder should not be included 
as part of a general specification ; however, such pro- 
perties can be and have been measured. The values 
shown in ‘Table IL were determined on special sub-size 
specimens. ‘Typical values are given for the three 
previously suggested types of material. 

It must be admitted that the values given in Table IT, 
which are purposely on the conservative side, are not very 
impressive. Under laboratory conditions, it has been 
possible to obtain much superior properties, but at the 
present time no large-scale production technique has 
been developed which would permit the manufacture of 
parts from iron powder with high strength and high 
ductility at a competitive cost. The main difficulty 
achieving satisfactory ductility and impact 
resistance, while it is much less difficult to obtain higher 
strength and high hardness by proper heat-treatment. 


lies in 


These heat-treated materials are not specifically included 
in Table IL; they are rather brittle and cannot be used 
in any applice.tion where they have to withstand shock. 
Wide Application to Small-arms Parts 
There exist, however, numerous applications where 
the mechanical properties of iron-powder products are 
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quite adequate for this purpose. After all, in majy 
components of small arms or of expendable munitio 
to mention only two fields which are at present in t ie 
foreground of interest, an accurate configuration is mu: h 
more important than high mechanical properties. Many 
of these components are at present made from low-carbon 
steel because that is the cheapest and most convenicnt 
material available. However, that does not mean that 
the physical properties actually needed are those of low- 
carbon steel. These are the applications where powder 
metallurgy is believed to have a field, if by this method 
a part can be made at a competitive cost and with a 
saving in machine time and in bar stock. The metal 
powder parts manufacturer and the user of the parts 
should co-operate in selecting suitable applications and 
in setting up detail specifications which will ensure the 
quality and uniformity of production. 


British Resources of Steel Moulding 
Sands 


Continucd from page 182 

could be used as natural moulding sands, though in 
most cases the addition of bond is desirable. Quartzitic 
varieties having an open texture can be crushed easily 
to yield a high silica sand suitable for steel-moulding 
sand; those having a compact texture are of little 
interest for this purpose. 


The Rotten-Rock Moulding Sands about 
Wolsingham 

These friable sandstones are extensively worked for 
the production of naturally bonded moulding sands for 
use in the steel foundries of Tees-side and Tyneside and 
elsewhere. In this part of the work the bonding pro- 
perties of samples of the sands from four localities are 
described. Attention is directed to the importance of the 
mineral constitution of the bond ; it is indicated that a 
hydrobiotite bond is preferabie to a sericite bond. 


Part 4. 


The Permian Yellow Sancs cf Darham 
and Yorxshire 

The Permian Yellow Sands have not been used ex- 
tensively for moulding purposes. They have been 
exploited at Pontefract and Castleford for iron-moulding 
sand and at Laughton-en-le-Morthen for non-ferrous 
founding. The outstanding feature of many of these 
sands is their double grading, which are composed of fine 
grains, 0-05-0-15 mm. across, and coarse grains, about 
0-50 mm. or more across. The relative proportions of the 
two grades vary from exposure to exposure, and at some 
localities the coarser grade is absent. Thus, it is the 
grading rather than the chemical or the mineralogical 
constitution that controls the moulding properti« of 
these sands. 


Part 5. 


Samples from several localities have been examined, 
as a result of which it is concluded that, when bonded 
artificially, the sands of Hilton Downs, Crime Rigg, 
Castleton Road End, Hylton West Town Moor, and Carr 
Hill have moulding properties approaching those of sand 


mixtures in use in steel foundries. It is probable that 
their moulding properties could be improved by the 
me 


addition of extra bond and by washing to temove s 
of the silt, so that they could be used in steel foundries 
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The Use of Inhibitors for Aluminium 
Chemical Equipment 


By R. B. Mears and G. G. Eldredge 


Aluminium possesses a combination of chemical and physical properties which fit it 


admirably for contact with many chemicals. 


Many materials are substantially inert 


towards aluminium, and can be handled advantageously in equipment constructed from 
this metal. Like all other metals and alloys, it is not entirely resistant to all conditions 
to which it may be subjected, but its resistance to the effects of certain media is increased 
by the use of inhibitors, and in a recent paper* by the authors a classification of these 
inhibitors according to their effectiveness and their influence on intensity is given. The 
electro-chemical behaviour of inhibitors is discussed, and thefactors that cause an 


inhibitor to be safe or dangerous are outlined. 


A series of laboratory tests to determine 


the effectiveness of various chemicals as inhibitors of theattack of aluminium and its 
alloys in acid, alkaline and neutral solution is described. 


ERTAIN chemicals, when added to a corroding 
solution in small amounts, have the property of 
reducing the total amount of corrosion of metals. 

Such chemicals are called corrosion inhibitors. Thus, 
the chemical is termed an inhibitor if the following 
expression has a positive value, 
p= WwW, W: X 100, (1) 
W, 
where W, is the weight loss of the metal specimen after 
some definite period of exposure in a corroding solution 
and W, is the weight loss of an “ identical’ specimen 
exposed for the same length of time in a similar solution 
to which a small amount of some of the chemical in 
question has been added. The chemical would be an 
effective inhibitor if P had a high value, say +80 or 
+90, and a weak inhibitor if the value were only +10 
or +20. 

Further classifications of inhibitors are also useful. 
If the attacked area of the specimenexposed to the 
inhibited solution is larger than the attacked area of a 
similar specimen exposed to the uninhibited solution, the 
inhibitor is classed as ‘‘ expansive.” If the attacked 
area is smaller for the specimen exposed to the inhibited 
liquid, the inhibitor is “* contractive.’’ Similarly, if the 
depth of attack at those areas of the specimen which 
do corrode is smaller for the specimen exposed to the 
inhibited solution than for the specimen exposed to the 
uninhibited solution, the inhibitor would be classed as 
“safe,” whereas if the reverse were true, it would be 
classed as “* dangerous.” 

Thus, the following classifications of effective inhibitors 
are possible! :— 


‘ 


Expansive, safe inhibitors. 

Contractive, safe inhibitors. 

Contractive, dangerous inhibitors. 
The class, expansive, dangerous inhibitors does not 
exist. An expansive, dangerous chemical would be an 
acce crator. 


per presented at the Third Annual Water Conference of the Engineers’ 


> f Western Pennsylvania, and subsequently at the Eighty-third general 
g of the Electrochemical Scciety at Pittsburgh, April, 1943, (Preprint, 

P ) 
R. Evans. Trans, Electrochem, Soc., @Q, 213 (1936), and Discussion 


by . Mears, p, 230, 


Now that the classes of inhibitors have been defined, 
it is of value to attempt to explain why a given chemical 
falls into one or the other of these classes. In all cases 
where corrosion is an electrochemical phenomenon, the 
rate of attack will be proportional to the current flow 
between the local anodes and cathodes. Thus, 


D= ki (2) 
where D = rate of attack, and I = current flow. The 


magnitude of the current at any instant is determined 

by the open circuit potential difference between the local 

anodes and cathodes, the anode and cathode polarisation 

and the electrical resistance of the liquid path between 

the anodes and cathodes. Otherwise expressed? 

E — (Ex + Eo) “ 
R 


where E = open circuit potential between the local 
anodes and cathodes, E, = anode polarisation, Ey, = 
vathode polarisation, and R = resistance of the liquid 
path. Thus, from the electrochemical standpoint, in 
order for an inhibitor to be effective, it must do one or 
more of the following :— 
(1) Increase the resistance (R) of the electrolytic 
path between the local anodes and the local cathodes. 
(2) Increase the polarisation (E,) of the local 
anodes. 
(3) Increase the polarisation of the local cathodes 
(Eg). 
(4) Decrease the open circuit potential difference 
(E) between the local anodes and the local cathodes, 

If an inhibitor functioned solely by increasing the 
resistance of the electrolytic path, and did not affect 
the area of the local anodes, it would be a safe inhibitor. 
If the anodic area were decreased, as long as the decrease 
in anode area did not exceed the rate ef decrease in local 
current flow, it would still be a safe inhibitor. 

If the inhibitor increased the polarisation of the local 
anodes, but did not affect other factors, especially the 
anode area, the inhibitor would be classed as safe. 
However, if it reduced the anode area faster than it 
increased anodic polarisation, it might be dangerous. 

Actually, inhibitors very seldom have only one of the 





2 See also J, C, Warner, Metal Cleaning and Finishing, 1, 104 (1938), 
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four effects. Generally, the addition of an inhibitor will 
cause simultaneous alterations in anode and cathode 
polarisation, in resistance of the electrolytic path, and 
in open circuit potential difference between the local 
anodes and the local cathodes. Thus, the mechanism 
of inhibitor action in any specific case is likely to be 
exceedingly complicated. It is much easier to state how 
an inhibitor behaves than to account for the reason for 
its behaviour. Because of the difficulty, relatively few 
tests have been made to evaluate reasons for inhibitor 
action. In the succeeding section, tests are described 
which have been used to determine whether or not a 
chemical is an effective corrosion inhibitor. In addition, 
wherever possible, the inhibitor behaviour is analysed, 
and some tests to evaluate the mechanism of inhibitor 
action are also mentioned. 


Laboratory Tests on Aluminium 

The laboratory data may be classified into three main 
classes, according to the nature of the corroding solution, 
These are—acid, basic and neutral solutions. The general 
procedure of the laboratory tests was to expose flat 
specimens of aluminium (usually 0-064 in. x Lin. x 4in. 
(1-6 x 25 100 mm.), and usually of commercially 
pure aluminium 2Sf, partially immersed in the solution 
being tested, both with and without the inhibitor. If the 
weight losses were significant, the percentage protection 
was calculated by Pq. (1). If the corrosion was localised, 
visual appearance (or depth of attack measured micro- 
scopically) was of more importance than the weight loss, 
and was relied upon for rating the inhibitor. 


Acid Solutions 

A great many inhibitors have been developed for 
protecting steel during pickling. This has not been the 
case with aluminium. Aluminium may be cleaned in 
concentrated nitric acid without any inhibitor, since this 
acid has practically no effect on the aluminium. 
Aluminium may also be cleaned and its oxide removed 
in phosphoric acid inhibited with chromic acid, or some 
other chromate. Inhibitors other than chromate are not 
ordinarily used with phosphoric acid, nor are other acids 
ordinarily inhibited. 

The percentage protection (P of Eq. 1) was determined 
for 22 different inhibitors in 2% solutions of phosphoric, 
hydrochloric or sulphuric acid, using 3S-}H{ alumin- 
ium alloy specimens. It was found that chromates, a 
naphthenic-base soluble oil, and two commercial wetting 
agents were highly effective inhibitors for phosphoric 
acid (efficiencies ranging from 75 to 99-5°%,). In hydro- 
chloric acid the alkaloids and organic-sulphur compounds 
were effective inhibitors (efficiencies from 88 to 97%), 
while none of the substances investigated gave over 
65°, efficiency in sulphuric-acid solution. 

In a subsequent test the inhibitor efficiencies of 13 
soluble oils for preventing attack of commercially pure 
aluminium (28-1/2H) in 2%, hydrochloric-acid solution 
were determined. The seven best soluble oils all had 
efficiencies of 95°,, or better, while one of the soluble 
oils had an efficiency of only 20°,. All of the oils tested 
appeared to be safe inhibitors, since none of them inten- 
sified the attack. 

A third test was made to determine the effectiveness of 
commercial wetting agents for inhibiting attack of 

t The nominal composition of 25 is 99-0 to 99-4% Al: O-6 te 1°, Fe 


si Cu, 


sition of 23}H is 1-2 Mn... balance Al, 
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2°, phosphoric and sulphuric acid solutions on com 
mercially pure aluminium. It was found that both 
anionic and cationic types of wetting agents were effect ive 
inhibitors in phosphoric acid. One non-ionic high- 
molecular weight alcohol wetting agent proved to have 
no inhibitive action. None of the wetting agents was 
found to be more than 42°, efficient in sulphuric acid, 

Two commercial grades of phosphoric acid, stated by 
the manufacturers to contain corrosion inhibitors, were 
investigated. One was a silage grade acid, while the 
other was an edible grade. Neither of these grades was 
found to have significantly less action on commercially 
pure aluminium than did uninhibited phosphoric acid. 


Alkaline Solutions 

No effective inhibitors of the attack of aluminium by 
strong caustic solutions are known. The inhibitive action 
of silicates in sodium-carbonate solutions has been known 
for some time.* The chromates are also known to inhibit 
the action of carbonates on aluminium. The effect of 
other compounds such as vanadium pentoxide and 
potassium permanganate, which are rather similar to 
chromates in certain characteristics, was investigated, 
but none more effective than the chromates was found. 
Several fluophosphates and fluosilicates were investi- 
gated and found to be highly effective inhibitors for 
sodium-carbonate solutions, but to have relatively low 
inhibitor efficiencies in sedium hydroxide solutions, 
A series of soluble oils were found to have no appreciable 
inhibitive action in sodium-carbonate solutions. 

Triethanolamine and other organic compounds having 
an alkaline reaction are sometimes used for the reversible 
absorption of acid gases. Solutions of such compounds 
are usually not rapidly corrosive to commercially pure 
aluminium. However, it was found that the action of 
these amines could be entirely prevented by the use of 
sodium silicate or sodium chromate. Other additions, 
including both inorganic and organic phosphates, were 
found to be much less effective inhibitors in these 
soluticns. 


Neutral Solutions and Tap Water 

It is difficult to evaluate the relative effectiveness of 
various substances as inhibitors of attack of aluminium 
by dilute neutral salt solutions, or tap-waters. The 
reason for this difficu'ty is that attack of aluminium by 
the uninhibited waters is slow, and usually extremely 
localised. Thus, weight changes for the blanks exposed 
in the uninhibited liquids are small, and the repro- 
ducibi ity between duplicate specimens is often poor. 
Furthermore, small changes in the composition of the 
liquid can greatly affect the effectiveness of action of the 
inhibitor. A given chemical may be a safe inhibitor 
under one set of conditions, but a dangerous inhibitor 
under other conditions. 

A large number of different chemicals have been 
tested in different types of synthetic end natural tap- 
waters, and in dilute-salt solutions. Most of these tests 
were conducted at room temperature for extended 
periods (50 days to one year). Specimens of commercial 
pure aluminium (2S8-}H), or of 38S-}H or 17S-T alumin- 
ium alloys.) were used for most of there tests. Over LOO 
different chemicals or combinations of chemicals were 
tested as inhibitors, generally in several different types 
of solutions. From two to eight duplicate specimens were 


3 R. Seligmap, Proce. Werla’s Dairw Congress, 2, 1202 (1923). 
rhe nominal composition of 38-2H is 1-2 Mn, bakonce AL. The ner 
composition of 178-T is 4%, Cu, 0-5%, Mg, 0-5% Mn, balance Al. 
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used for each inhibitor and condition, so that the entire 
number of specimens included in these tests was well 
over 1,000. 

The results of all tests were not in exact agreement 
since certain chemicals were found to be effective 
inhibitors in some solutions but not in others. However, 
in most cases, silicates, chromates and soluble oils proved 
to be the most effective inhibitors. Colloids such as 
gelatine, agar-agar and gum arabic were also highly 
effective under certain conditions, but were dangerous 
inhibitors in that they tended to localise the attack in 
cases Where they were not completely effective. 

TABLE & 
PI ECTLON OF S358-T® ALUMINIUM IN AN INDUSTRIAL WATER? BY 
PU =“SIUM DICHROMATE AT ROOM TEMPERATURE AND AT THE 
BOILING TEMPERATURE, 
DUPLICATE SPECIMENS, FOUR WEEKS.] 


APPEARANCE OF SPECIMENS AFTER EXPOSURE, 


At Room Temperature. At Boiling Temperature, 
Partial rota! Partial Total 
Immersion. Immersion, Immersion. Immerrion, 


Species in Pitted Pitted Pitted Pitted 
nhibited | 


ye en in | Unaffeeted Unaffected Unaffected Unaffected 


bited | (Pitting in 
| vapour phase) 
| aera es . es — a ee 
Che nominal composition of 538-T is 1-3% magnesium, 0-7% silicon, 
25°, chromium, balance aluminium, 
+ Water analysed prior to addition of inhibitor: pH, 7-2; tetal solids, 
ppm; Cl, 10-5 p.p.m.; 80g, 197 p.p.m. 
t Weight losses were not significant. The specimens were about 3} x 3 in, 


76mm.). The concentration of potassium dichromate was j oz, per 
r about 0-2°,. 

Chromates, dichromates and chromic acid are chemic- 
ally equivalent except for the difference in acidity in the 
sense that the addition of sodium hydroxide to chromic 
acid gives successively sodium dichromate and sodium 
chromate. A partial immersion test was conducted in 
two types of synthetic tap-waters with 0-001%, 0-01%, 
0-1, and 1% of sodium-dichromate or sodium-chromate 
inhibitors for 30 days at slightly above room temperature 
(33° C.) on 0-041 x 1 x 4in. (1 x 25 x 100mm.) 
28-H specimens. No difference in the protection of the 
two compounds in either solution was found, whether 
judged by weight losses, which were significantly 
reduced from the already low values for the blanks, 
or judged by the numbers of pits which were reduced 
from the average of about five per specimen to zero for 
the larger concentration of inhibitor, and to an 
occasional pit for the small concentration of inhibitor. 
In general, when differences are found between these 
two materials, it is the chromate that is the better. 
Especially when used in large amounts in the presence of 
fairly high-chloride concentrations, the more-acid 
dichromate may cause a localisation of attack. 

Tables I, Il and III are examples from laboratory 
tests, showing protection of aluminium from attack by 
three industrial waters. 

Inhibitors are sometimes added to substances that are 
not liquids when they will be in contact with aluminium. 
Hairfelts, glass wools, and cements that will hold 
moisture in continuous contact with aluminium some- 
umes cause corrosion of the aluminium, especially if 
chlorides or salts of heavy metals such as copper are 
preset, Laboratory tests have shown that it is often 
possi} le to inhibit this corrosion with chromates. Zinc- 
chron ate priming coats are used successfully for painting 
aluminium as well as for painting steel. Corrosion of 


1 U.S, Pat, 2,086,525, 
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aluminium foil by glue was prevented by silicate, but 
not by chromate. However, part of the adhesive action 
may have been lost since a precipitate of silica was 


found. 


TABLE If, 

PROTECTION OF 538-T ALUMINIUM IN AN INDUSTRIAL WATER® BY 
POTASSIUM DICHROMATE AT ROOM TEMPERATURE AND AT THE 
BOILING TEMPERATURE, 

DUPLICATE SPECIMENS, FOUR WEEKS.+ 
APPEARANCE OF SPECIMENS AFTER EXPOSURE, 


| 
At Reem Temperature. At Boiling Temperature. 
Partial Total Partial Total 
Inunersion. Immersion. Immersion. Immersion, 
Specimens in Mild etch Pitted Pitted Pitted 
uninhibited 


water 

Specimen in Unaffected Unaffected Unaffected Unaffected 
inhibited (Pitted in (Mild etch 
water vapour phase) in Vapour 


phase} 
Water analysis prior to addition ef inhibitor: pH, 6-7; tetal solids, 
140 p.p.m.; Cl, 14 p.p.m.; SO,, 12 p.p.m. 
+The concentration of potassium dichromate was ] 07, per gallon, cr 
ubout 0-2°,, 


TABLE IIL, 


H ALUMINIUM BY SODIUM DISILICATEt AT 
Lit? I 


PROTECTION OF 38 
ROOM TEMPERATURE AND Ih 


DUPLICATE SPECIMENS, POUR WEEts, 
APPEARANCE OF SPECIMENS AFTER EXPOSURE 


At Reem Temperature. At llo’ F, 


Partial Tetal artial Total 





specinen 
No. 





Water.t Lmmersicn Immersion, | Immersicn. | Immersion, 
1 Uninhibited 1 pit, edge Blister Edge attack,| Edge attack, 
attack 1 pit 
2 Uninhibited 1 pit, edge Blister Edge attack,| Edge attack, 
ittuck 1 pit | L pit 
3 Inhibited 1 corroded Unaffected Stained Very slightly 
pot (pitted tained 
by vapour) 
4 Inhibited Stained Unaffected Stained Very slightly 


stained 


* The nominal composition of 38-H is 1-2 manganese, balance aluminium, 
° 


+ The concentration of scdium disilicate was 0+25°%,,. 
t Water analysis prior to additicn of inhibitcr: pH, 7-6, Cl, present; 


SO, present ; COs, 12 p.p.m.; HCOs, 225 p.p.m. 


Prevention of Galvanic Action by the Use of 
Inhibitors 

Several tests were conducted in order to evaluate the 
effectiveness of various inhibitors for preventing 
galvanic corrosion caused by contact between dissimilar 
metals.5 In these tests, specimens of aluminium were 
exposed both coupled to an equal-sized specimen of the 
dissimilar .metal and also coupled to an “ identical ”’ 
aluminium specimen. The specimens were generally 
partially immersed, and the period of exposure was 
usually rather extended (three months, or longer). 

The results of one series of tests are summarised in 
Table IV. These results indicated that sodium chromate, 
while an effective inhibitor for uncoupled aluminium 
exposed to chloride solutions, was a “ dangerous’ 
inhibitor for preventing galvanic attack of aluminium, 
even in very dilute sodium-chloride solutions. Sodium 
disilicate effectively prevented galvanic attack of 
aluminium in solutions containing up to about 10 p.p.m. 
of sodium chloride, while soluble oil No. 1 was effective 
in solutions containing up to about 50 p.p.m. of sodium 
chloride. At higher sodium-chloride concentrations 
none of the inhibitors effectively prevented galvanic 
attack. 

These tests were conducted under quiescent conditions 
at room temperature. It is known that inhibitors are 


5 See also M, Darring. Jnd, Eng. Chem, Anal, Ed., 14, 755 (1941), 
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TABLE IV, 
PREVENTION OF GALVANIE ACTION BY INHLBITORS, 
Concentration cf NaCl Concentration of 
rest in Test Solution Inhibiter Inhibitor, 
N (p.p.m. 9 
l Scdium chromate el 
’ Sodium chromate 1-0 
l Sodium chromate el 
i l Sodium chromate 1 +4) 
) ln None 
“ In Sodium chromat el 
lw Sodium chromate 1+) 
s Ww Sodiun silicate tel 
” Sodium disilicat 1-0 
Ww lw Soluble 1 No, 1 el 
i! I" Soluble 1No. I 1-0 
1 Ww Soluble oil No. 2 Te 
15 WW Soluble 1 No I 
11 None 
! mi um chromate el 
le me un hromiute l 
17 = tan | lieut el 
Is Sodiun Lis idic Ie 
Iw Solubl it N ! el 
’ Solubl IN l 1+) 
l Solubl il N tel 
Selubl il No 1+ 
} l Non 
1 lw Sodium chromate Te | 
> lt Sodium chromate 1+) 
iD IW Sedium disilicate Tee | 
I Sodium distlicate 1 
s l Soluble ofl Ne l re | 
’ lin Seluble cil No, 1 1+) 
’ lw Soluble N 2 tl 
1 lin Soluble oil Ne 4 Io 
lest sults 
No A Not Coupled Aluminium Coupled to Copper. 
l N i t t k Mild attack of Al at liquid level 
H ent to Cu 
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generally even less effective in preventing galvanic 
attack at higher temperatures. Similarly, although 
laboratory data are missing, evidently inhibitors are 
more effective at lower temperatures. In one instance 
an aluminium pipe line carrying calcium-chloride brine 
inhibited with potassium dichromate was examined after 
five years’ service. No attack on the aluminium was 
detected, even on areas in the pipe adjacent to its point 
of junction with steel pipe. The brine solution was 
maintained at about 25° F. (—3-9°C.) and, evidently, 
at such low temperatures the chromate inhibitor 
effectively prevented galvanic attack, even in the 
solution of high chloride content. 

In another test aluminium specimens were exposed 
both uncoupled and coupled to steel specimens in a 
natural well-water. This water had a pH of 4-1, and 
contained 14 p.p.m. of chlorides and 345 p.p.m. of total 
dissolved solids. It was found that uncoupled aluminium 
was definitely attacked in this water, but that this 
attack could be prevented by the addition of } oz. gal. 
1-9 g./L) of any of the following inhibitors—sodium 
disilicate, sodium chromate or strontium chromate. 
Aluminium specimens, coupled to steel specimens, were 
exposed to this water containing various additions of 
sodium chromate. It was found that while at low 
inhibitor concentrations (1/128 oz./gal., or 60 mg./L) 
only negligible attack of the coupled aluminium speci- 
mens occurred, the steel specimens were badly rusted. 
At higher concentrations of inhibitor attack of the steel 
became more and more localised, but severe blistering 
attack of the 3S developed. Thus, when } oz./gal. 
(1-9 g./L) of sodium chromate was added to the solution, 
the weight loss of the steel was reduced to one-third of 
that observed when no inhibitor was present, but 
severe blistering of the aluminium specimens developed. 
Evidently, under these conditions, it would be difficult 
to prevent attack of both the aluminium and the steel 
by sodium chromate additions. 

It was found, by means of solution potential measure- 
ments, that in this water, as received, steel was anodic 
to aluminium by about 0-1 v. As increasing amounts 
of chromates were added to the water, the potential 
difference between the steel and the aluminium first 
decreased and then reversed when a concentration of 
In the solution 


Loz. gal. (940 mg./L) was reached. 
containing }oz./gal. (1-9 g./L) sodium chromate, 


aluminium was anodic to steel by over 0-2v. This 
reversal in potential probably influenced the severity of 
the attack in the coupled aluminium specimens exposed 
to these same more concentrated solutions of inhibitor. 


Service Experience 

Three types of chemicals have received considerable 
service use as corrosion inhibitors for aluminium. These 
are: (1) chromates and dichromates, (2) soluble oils, 
and (3) soluble silicates. Typical applications of each 
of these will be described. 

Caleium-chloride and sodium-chloride brines inhibited 
by the addition of sodium or potassium chromate or 
dichromate have been widely used in contact with 
aluminium alloy piping and processing vessels. Inhibite d 
calecium-chloride brine has been circulated through these 
aluminium coils for six years with no sign of corrosion. 
Similar successful experience has been obtained m 
many other cases. 

Ethyl-alcohol solutions are sometimes used as coolants. 
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In one instance a battery of jacketed aluminium vessels 
was employed for cooling a warm liquid. The liquid 
itself had no action on the interiors of the aluminium 
vessels. However, the coolant, which was circulated 
through the jackets around the vessels, proved to be 
seriously corrosive. This coolant consisted of an ethyl- 
alcohol-water solution. After two years’ use a 12-in. 
(30-5em.) diameter section of one of the jackets was 
removed and examined. It was found that this section 
was dotted with pits. The maximum depth of attack 
(as determined from a microscopic examination of cross- 
sections) was 0-029 in. (0-74 mm.). At the time this 
section of jacket was examined, extensive laboratory 
corrosion tests were made to determine if the corrosive 
action of the alcohol solution could be prevented by a 


suitable inhibitor. It was found that the addition of 


! oz. gal. (940 mg. L) potassium dichromate to the 
cooling liquid almost completely prevented the action 
of this liquid on aluminium, even after extended periods 
of exposure at the boiling point of the liquid. Thus, 
inhibition with the dichromate looked promising. 
However, it was suggested that the dichromate might 
be reduced in time by the alcohol. Therefore, periodic 
analyses were made of a sample of the cooling liquid to 
which } oz./gal. (940 mg./L) of dichromate haa been 
added. The solution was maintained at the boiling 
point, and the amount of hexavalent chromium was 
determined at intervals. It was found that a fairly 
rapid reduction in hexavalent chromium occurred 
during the first two or three days’ boiling, but that after 
this the chromate content did not alter further during a 
total period of exposure of 16 days. The final concen- 
tration of dichromate appeared to be about 300 mg./L, 
or about one-third the concentration initially added. 
Subsequently, } oz./gal. (940 mg./L) dichromate was 
maintained in the cooling liquid. At the end of an 
additional two years’ service a section of the jacket, 
I8in. (45-7 em.) in diameter, was removed from the 
tank. This section included the 1-ft. diameter section 
which had been replaced two years previously at the 
time the inhibitor was added. Examination of cross- 
sections from the sample showed that there had been 
no attack of the portion of the section exposed for two 
years to the inhibited coolant, and also no increased 
atack on the portion of the section exposed two years to 
uninhibited solution followed by two years to inhibited 
solution. In other words, the inhibitor had not only 
prevented any attack on uncorroded metal surfaces, but 
had stopped attack on metal surfaces which had started 
to correde prior to the addition of the inhibitor. 
lhe above example is described in some detail because 
of the unusual nature of the application. Many other 
equally satisfactory examples of inhibition of brines or 
tay-waters by chromates or dichromates are known. 
It should be emphasised, however, that there are 
limitations to the use of such inhibitors. In general, 
they are not safe for use to prevent galvanic action 
between aluminium and other metals in waters high in 
chlorides and may be harmful instead of beneficial, 
even in the absence of galvanic action, for boiling 
chioride solutions.® Soluble oil inhibitors are somewhat 
r for use under such conditions, and have proven 
Very satisfactory for preventing attack on aluminium 
mobile cylinder heads by waters and anti-freeze 
scuitions. Generally, a concentration of about 1% 
soo tble oil is used for such applications. However, even 


W. Kampf and M, W, Daugherty. Automotive Ind. ,Aug. 15, 1939, 
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the soluble oils will not effectively prevent galvanic 
action in hot solutions high in chlorides. For such 
severe conditions the remedy appears to be some 
treatment which will either electrically insulate the 
aluminium from the heavy metal causing the galvanic 
action, or reduce the chloride concentration of the water. 
The synthetic resin anion exchangers’ appear to have 
promise in reducing the chloride content of such waters, 
so that effective inhibition by scluble oils or chromates 
can be more readily obtained. 

Sodium silicates, having SiO, to Na,O ratios of 2 to 1, 
or higher, are extensively used to prevent the action 
on aluminium of alkaline cleaners, or other materials 
having an alkaline reaction. In order to inhibit satis- 
factorily the action of hot sedium-carbonate solutions 
on aluminium, about 22°, by weight of sodium disilicate 
(Na,O.2SiO,) must be added to the sodium carbonate. 
Similarly, about 30°, of the disilicate must be added 
to trisodium phosphate in order to inhibit the action 
of its hot solutions. Sodium silicate has also been used 
to inhibit alkaline shaving creams,® tooth pastes and 
other alkaline pharmaceuticals and cosmetics in order 
to render them without action on aluminium collapsible 
tubes. The authers do not know of any cases where 
sodium silicate inhibitors have been used to prevent 
attack on aluminium by tap-waters. However, many 
laboratory tests have demonstrated that in the absence 
of galvanic action, inhibition of aluminium by silicates 
should be feasible, provided the chloride content of the 
water is not excessive. 


A Note on Sand-Cast Plates for the 
Radiographic Assessment of Tendency 


to Microporosity in Magnesium Alloys 
PARTICULARS are described by Lasch* of a test-plate 
casting which, after fettling and machining, can be used 
for radiographic examination for the purpose of assessing 
the tendency to microporosity in magnesium alloys. 

The results of several tests show that the method of 
casting the test-plate which has been developed can be 
accepted as being a usefully discriminating one to apply 
to magnesium-base alloys, the microporosity behaviour 
of which is to be ascertained. 

L. Lasech, Magnesivnm Review and Abstracts, iii, Jan., 1943, No, 2, 

pp. 42-47. 


The Ploughing and Adhesion of Sliding 
Metals * 


In the sliding of clean metals, penetration and distortion 
occur to some depth beneath the surface. Welding occurs 
readily, even at low sliding rates, when the surface 
temperature-rise, due to frictional heat, cannot be very 
high. Sometimes welded joints pluck out parts of the 
harder metal. 

In a more quantitative theory of metallic friction, it 
is suggested that the frictional force between clean 
surfaces is made up of (1) the force required to shear the 
junctions, and (2) the ploughing force for displacing the 
softer metal from the path of the harder. 

An approximate calculation of the friction can be 
made in terms of the known physical properties of soft 
metals—e.g., indium. 


A. J. W. Moore and D. Tabor, J. App. Phys., xiv, Feb., 


*F, P, Bowden, 
Bulletin, vol. ix, No, 9, 15/5/1943, p. 417.) 


1943, No. 2, pp. 80-91, (1.0.4, 
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Correspondence 


The Training of Female Assistants for 
Steelworks Laboratories 


The Editor, METALLURGIA. 
Dear Sir, 

I have read with great interest the article by Messrs. 
Thompson and Belcher, under the above heading, in your 
July issue. 

Karly in 1940, anticipating a shortage of junior staff, 
owing to the calling up of semi-trained chemists, | 
engaged a number of girls, as trained female assistants 
were not obtainable. These had then to be trained to 
replace youths who had already joined H.M. Forces, 
or were shortly to do so 

Since that time my experience confirms the findings 
of the writers of the paper. Several of the girls were 
found, after six months training, to be totally unsuitable 
and they were transferred to other occupations. Those 
retained have proved themselves to be 
handling large numbers of routine determinations in an 
efficient manner, and they have now reached the point 
where they can be usefully employed on shift work in a 
junior capacity. 

Early in 1941 I approached Mr. F. C. Clarke, Principal 
of the Rotherham College of Technology, and he very 
willingly agreed to start a summer course of evening 
classes for girls in elementary chemistry. At first the 
attendances were good, but later, when a winter session 
was continued, the attendances gradually fell away. 
Probably blackout conditions and frequent air-raid 
warnings may have contributed largely to this, and the 
course was eventually discontinued. 

During the two training periods referred to in the 
article, | have had the privilege of visiting the College 
and seeing the girls at work. I have been very much 
impressed by the thoroughness of the teaching and the 
keen manner in which the trainees performed their 
duties. These should prove of great assistance in steel- 
works laboratories. 

The syllabus is admirable for its purpose and could 
well be followed by other Technical Colleges and Training 
Yours faithfully, 

B.. W. 


Centres, 

Merutey, F.L.C., 
Chief Chemist. 

Peech and Tozer Works, 

Sheffield, 


August Il, 1943. 


Steel, 


The Editor, METALLURGIA., 


Dear Sir, 
“THe TRAINING OF FEMALE ASSISTANTS FOR 
STEELWORKS LABORATORIES,” 

| would like to send a word of commendation of the 
article by Dr Thompson and Mr. Belcher, which 
appeared nh yout July Issue. I regard the work described 
therein as a& most commendable effort, and | am sure 
that a very excellent service is being performed. The 
objects of the course of training are clearly stated and, 
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if achieved, must save a great deal of time in th 
individual steelworks laboratories, which require t. 
give the same type of training, only to find that a 
certain proportion of the girls engaged are unsuitable 
to proceed. 

On first reading, it might be thought that the time 
devoted to technique and principles of chemistry is out 
of proportion to the time spent in drilling on routine 
methods, but I feel sure that the course is wisely devised, 
and that such training is amply repaid in those pupils 
who are likely to sueced. I see no reason why the success. 
ful trainee in this course should not be entirely satis- 
factory in carrying out straightforward routine analysis 
with the minimum degree of supervision and an accept- 
able degree of skill. 

The analysis of results is very interesting, and, 
speaking broadly, I agree with the five conclusions 
stated concerning the probable suitability of the 
entrants. 

It may be worth while recalling that in the laboratory 
of Messrs. Samuel Fox and Co., Ltd., of which I had 
charge during the last war, a similar system of selection 
and training was given to girls who were engaged in the 
factories of this Company, with very satisfactory results. 
It would, however, have been a great relief to me had 
it been possible to send them to a laboratory where a 
properly designed course of training was given, such as 
that now being carried out at Rotherham. An extension 
of this scheme following the war was not pursued, 
because we regarded the laboratory as the preliminary 
training ground for men destined to occupy executive 
positions in production in later life. 

In conclusion, | wish the authors of this scheme every 


success, and trust that we may be able to have the 


benefit of some of these trainees in our. various 
laboratories.—Yours faithfully, 
T. Swinpen, D.Met., 


Director of Research. 
Central Research Department, 
The United Steel Companies, Ltd. 
Stocksbridge, near Sheffield. 


Angust 16, 1943. 


The Editor, METALLURGIA. 
Dear Sir, 

I have read with much interst the copy of your 
journal for July, and in particular the article on the 
training of female assistants for steelworks laboratories. 
This scheme seems to be excellent, and I am glad to 
know that the authors of the article report so well on 
the effectiveness of the training. 

One cannot help regretting that these opportunities 
come to women only under stress of national emergency ! 
I hope that some of the girls who were trained will be 
inspired to continue their education and to become 
metallurgical chemists. 

Yours sincerely, 
A. 8. LockHART, 
Secretary. 
The Women’s Engineering Society, 
London, 8.W. 1. 


August 16, 1943. 
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Boron and ‘Titanium in Heat-'Treated 
Steel 


The need for conserving molybdenum has directed attention to other elements which might 


be used to improve the properties of certain alloy sieels. 


containing both boron and 


titanium is 


Experimental work on steels 


described, and iesults of investigations 


indicate interesting possibilities for steels treated with boron-alloy. 


HE use of small amounts of boron for improving 
the properties of quenched and tempered steel 
has made great progress during the last eighteen 

months. This progress has resulted from investigations 
carried out by steelmakers, steel users and ferro-alloy 
producers who have shown that some of the newer 
alloys may be used to improve the properties of certain 
alloy steels. Molybdenum which is becoming scarce 
owing to its excessive use may be conserved by the use 
of boron. G. F. Comstock* has recently experimented 
on the hardenability and engineering properties of steels 
treated with ferro-alloys containing both boron and 
titanium, and the results of his investigations have 
shown some interesting comparisons with other means 
of improving hardenability. 

Tests were made with different types of steel made in 
small heats by meiting in an induction furnace, followed 
by forging into { in. round bars which were normalised 
at 900°C. before further heat-treatment and testing. 
All the steels which were deoxidised with aluminium 
were fine-grained, and the boron alloys were added 
after the aluminium and just before pouring the ingots. 
The boron alloys used contained 0- 10% carbon, 22-58% 
manganese, 20-14°%, silicon, 14-11°, aluminium, 17-85% 
titanium, 1-86°% boron, and 7-64% carbon, 0-20%, 
manganese, 2-36°%, silicon, 1-0°% aluminium, 17-58% 
titanium, 0-59°%, boron respectively. The first alloy was 
known as Bortam and the second as Carbotam. A 
special alloy like Bortam, but containing zirconium 
instead of titanium, was also experimented with. 
Bortam was used in amounts equivalent to 5 lb. per 
ton of steel, and Carbotam in amounts equivalent to 
l0 lb. per ton of steel, but in large commercial heats, 
which were less oxidising in melting, additions about 
half as large were found to be generally effective. 

Boron-bearing alloys were first used commercially as 
additions to steel by the automobile industry in pearlitic- 
manganese steels. A 1-26° manganese steel treated 
with Carbotam gave better hardenability than was 
obtained with an untreated steel containing 1-83% 
manganese. A corresponding increase in hardenability 
Was obtained by treating a 1-83°, manganese steel with 
Carbotam. The 1-26% manganese steel treated with 
Carbotam was much tougher than the untreated steel 
containing 1-83°, manganese, the amount of manganese 
required to give a steel of equal strength after oil- 
quenching at 850°C. and tempering at 230°C. and 
$75° C. 

(ne of the advantages of the boron-alloy treatment of 
ste |, as compared with the use of other alloys for con- 
fer) ng hardenability, was generally a higher notched 
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bar impact resistance when the steels were quenched 
and tempered for high strength and hardness. <A 
material improvement in this respect was not always 
found in steels of very low toughness. Silico-manganese 
steel with 2%, silicon did not respond as favourably as 


lower-silicion steels to boron-alloy treatment, and 
neither did steels with 0-62°, or more of carbon. The 


high-silicon steels in general, however, had much better 
properties than the higher carbon steels when tempered 
at 265° C. to give a Rockwell C hardness of about 55, 
but not when tempered at 475° C. to give a Rockwell C 
hardness of about 40. The Bortam treatment produced 
a slight improvement in toughness and ductility after 
tempering at 265° C. in both kinds of steel without much 
difference in strength. After tempering at 475° C., 
however, steels with higher silicon or 0-20% 
molybdenum were definitely stronger and less tough and 
ductile than boron-alloy treated higher carbon steels. 
The equivalent hardenability produced by boron alloys 
in 0-62% carbon steels, as compared with 0-2°%, molyb- 
denum steel is of particular interest, since molybdenum 
is often specified for promoting that property, or deep 
hardening of larger sections, and the use of boron alloys 
is much more economical. 

The possibility of substituting boron treatment for 
molybdenum in some of the new National Emergency 
(American) steels was investigated, since saving molyb- 
denum is of considerable importance at present. One 
steel chosen for this test was N.E. 8744, containing 0-4 
to 0-47% carbon, 0-75 to 1% manganese, 0-2 to 0-35% 
silicon, 0-4 to 0-6% nickel, 0-4 to 0-6% chromium, and 
0-2 to 0-3% molybdenum. A steel of this composition 
was compared with boron-alloy-treated steels of similar 
composition without molybdenum, Bortam and Car- 
botam alloy being used in their manufacture, and also 
a special low-carbon boron-bearing alloy like Bortam, 
except that it contained zirconium instead of titanium. 

The properties of the boron-treated nickel-chromium 
steels were found to compare favourably with the regular 
N.E. 8744 steel containing 0-24°%, of molybdenum, 
especially after tempering at 230° or 315° C. to Rockwell 
C hardness not less than 47. When tempered at 475° C, 
to a lower hardness, the molybdenum steel was definitely 
stronger, although less resistant to impact. While the 
boron treatment gave just as much hardenability as 
00-24%, molybdenum at the higher hardness levels, it 
did not cause the steel to maintain its hardness as well 
with slower rates of cooling. When tempered to below 
about 45 Rockwell C, therefore, the boron-treated steel 
would have to be tempered at a lower temperature than 
the molybdenum steel to have the same hardness and 
strength. The titanium-boron alloy gave on the whole 
better results than the zirconium-boron alloy. 
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Similar results have also been found by testing other 
steels, such as N.E. 8339. This carbon-manganese- 
molybdenum steel, which contains 0-4°, of molybdenum, 
has recently 
National Emergency steels because of the scarcity of 
molybdenum. By substituting treatment with the 
titanium-boron alloy and reducing the molybdenum to 
residual percentages obtainable from scrap or even by 
eliminating molybdenum altogether, the properties of 
In general, boron-alloy- 
have been found to 

carbon-manganese- 


this steel showed little change. 
treated 
compare 


steels 


the 


carbon-manganese 


favourably with 


molybdenum steel when tempered at 230° and 315° C., 


but when tempered at 475° C. to a Rockwell C hardness 
below 40, the molybdenum steels were stronger though 
less ductile. Both in toughness and notched-bar impact 
resistance Bortam and Carbotam-treated steels gave a 
definite superiority. 

As the experimental work showed that alloy steel of 
equivalent hardenability and physical properties after 
quenching and tempering at low temperatures could be 
made by using the boron treatment instead of about 
0-2 to 0-25%, of molybdenum, a practical demonstration 
of these comparisons in steel made on a commercial 
scale was afforded by a trial of Carbotam in manganese- 
molybdenum steel at a large open-hearth steel foundry. 
This steel was normally made with about 0-28°, carbon, 
1-6°, manganese, and 0-3°, molybdenum, and the 
castings quenched in water from 900°C, and 
tempered at 650°C. Two special casts were made, using 
5 lb. of Carbotam per ton after the regular aluminium 
deoxidation, one of them without any molybdenum 
added, and the other with only half the usual amount. 
The results obtained showed that about half the molyb- 
denum became unnecessary and could be omitted with 
even better hardenability, and that no change in tensile 
and impact properties occurred after quenching and 
tempering at H50o CC provided the steel was treated with 
Carbotam alloy, thus showing a very important saving 
The steels also withstood a special 


were 


in molybdenum 
service test in an entirely satisfactory manner. 
Generally, the various tests have shown that treatment 
of medium carbon with effective amounts of 
Bortam and Carbotam alloys increases the hardena' ility 
or depth of hardening about as much as by raising the 
manganese content 0-7°, above the normal value, or 
bv raising the silicon content 1-6°,, above its usual value, 
or by adding 0-2 to 0-25, of molybdenum ; although 
the cooling rates giving Rockwell hardness below 40 C 
the molybdenum steels are generally slightly harder. 
Whem the tensile and impact properties are compared 
after quenching and tempering at temperatures not over 
315° C., the boron alloy-treated steels are practically as 
strong as similar untreated steels with about 0-25°,, of 
molybdenum, and are tougher and at least as ductile, but 
when compared, after quenching and tempering at 475°C., 
the molybdenum steels are appreciably stronger, though 
still less ductile and tough. For equivalent strength 
a slightly lower tempering temperature may be required 
are substituted for 
will then have at 
least as mucl More 
consistent agreement in hardenability has been found 
between individual heats of steel when the boron-alloy 
treatment was used than between different heats of 
untreated molybdenum steel, so that the treatment 
tends to promote uniformity. The 


steels 


when boron-alloy-treated steels 
molybdenum steels, but the former 


or better, resistance to impact. 


evidently 
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titanium rather than zirconium with boron is found to be 
advantageous in the form of either a high-carbon 
titanium-boron alloy or a more complex low-carbon alloy, 
The use of sufficient boron alloy to give about 0-002, 
residual boron in a steel is recommended. 


Cobalt Electrolytically Refined 


OBALT, an important constituent of many alloys 

essential to metal-working and electrical design 

and communications is sometimes required of a 
purity higher than the 98°, or so commercially available, 
A simple, practical method of electrolytically refining 
cobalt to produce a 99-76%, metal, recently described 
by C. 8. Oldach and R. Landau,* and applicable to large 
or small-scale operations, is therefore of interest. 

Cobalt metal is usually available commercially in the 
form of rondelles (small cylinders about }in. by } in.) 
which contain about 98-4 to 98-7°% of cobalt, 0-18% 
of nickel, 0-19%, of iron, and smailer quantities of lime, 
sulphur, manganese, carbon and silica. For many 
purposes it is desirable to have metal of higher purity, 
and in connection with some work on the properties of 
alloys an improved method was developed of electro- 
lytically refining the rondelles. The refined metal, which 
was analysed after about 0-28%, of oxygen, which had 
formed on the surface, was removed by heating at a red 
heat in hydrogen, contained 99-7%, of cobalt, 0-005% 
of nickel, and 0-10°%, of iron. 

The cobalt was refined by placing the rondelles ground 
flat on one face on a platinum sheet connected anodically 
and plating out the purified cobalt on to a stainless steel 
cathcde suspended above and rotating at 60-100 r.p.m., 
electrical contact being made by a brush. The bath, 
which consisted of boric acid, cobalt sulphate and sodium 
chloride had a pH value of 4-5 to 5-0, a current density 
of 4:5 amps per sq. decimeter, and was operated at a 
temperature of 55° C. 

In operating the bath, the most significant variables 
were found to be the pH value, the current density 
and the speed of cathode rotation. In more acid baths, 
hydrogen evolution becomes appreciable with accom- 
panying decreased efficiency, and the plate is porous, 
while in more alkaline baths, the plate has a poor 
strength, flakes off, trees, and considerable cobalt 
hydroxide forms, both at the cathode and as a sludge 
around the abode. Higher current densities may be 
used, but the change in pH becomes so great that 
frequent adjustments are necessary and current efficiency 
decreases. Higher temperatures permit higher deposition 
than 8.3 grms. per hour, but evaporation becomes very 
large. Rotation of the cathode greatly improves the 
quality of the plate and make high current densities 
possible with little loss in efficiency. 

Under the conditions outlined, it is possible to prepare 
cobalt coats up to lin. thickness with comparatively 
little treeing and high efficiency. A coat of im. 
thickness is smooth, dense and coherent, and can be 
stripped off in large pieces with little trouble. In 
operating the bath current efficiencies at the cathode 
are about 94 to 95°,, while the anode efficiencies range 


above 95°). 





